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Abstract 
 
The study aimed to discover how economic instruments can lead to technical, 
technological change and innovation, and to what extent these changes can occur. The 
dynamic effects of economic instruments are necessary to ensure that the response 
elicited in the target group is enduring, leading to an environmental improvement beyond 
that resulting from the immediate response.  
The theme was approached by means of a case-study based research, and focused on two 
policies: the charge on nitrogen oxide emissions from energy production in Sweden, and 
the MINeral Accounting System (MINAS) targeting mineral surpluses from agriculture in 
the Netherlands. These instruments are generally acknowledged to have been successful: 
the Swedish charge led to a 40% reduction in emissions from the targeted sector, whilst 
the Dutch tax resulted in a reduction in nutrient surpluses for the first time in twenty 
years.  
The study concluded that the design of the policies was crucial in achieving these results. 
The charge was set high enough to produce a strong incentive effect on the producers, and 
was clearly based on the environmental objective to be achieved. Furthermore, an 
accurate means of assessing the amount of pollution was incorporated into the policy 
design, and a correct evaluation of the environmental performance of the producer was 
thus possible. The regulator facilitated the implementation process by providing 
information where this might be lacking, to ensure that the ability of the target actors to 
respond appropriately was not inhibited. The policies were thus tailored to the constraints 
and available responses of the target group.  
The environmental objectives were achieved across the target sector, with different 
degrees of response observed on a sectoral level and company level. This is in accordance 
with the theory of economic instruments, which states that actors will invest in pollution-
abatement measures to the extent that is economically viable within their individual 
circumstances. Certain actors have also made a continuing reduction in their emissions, 
thus demonstrating a dynamic effect from the policies, and it was concluded that this 
appeared to be the result of various influences, ranging from the synergistic effect of other 
environmental taxes and policies to an increased awareness of the benefits of increased 
eco-efficiency.  
The diffusion of technical and technological measures that were initially spurred by the 
economic instrument, and led to improved environmental performances observed, 
indicate that economic instruments can be valuable tools in the process of ecological 
modernisation.
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‘Socialism collapsed because it did not allow prices to tell the 
economic truth. Capitalism may collapse because it does not allow 
prices to tell the ecological truth.’  
 
(Øystein Dahle, retired Vice President of Esso for Norway and the North Sea) 
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 1. Introduction 
 
 
1.1. Introduction to Research Area 
 
Environmental policy in recent years has afforded an increasingly important role to 
economic instruments for achieving environmental objectives.  The basis of this 
popularity rests with certain advantages they possess over previous command-and-control 
policies.   
Such ‘traditional’ approaches are widely accepted as being insufficient for solving 
environmental problems, for reasons of inefficiency and the lack of incentive they provide 
to targeted actors to continuously implement more environmentally benign techniques 
and technologies.  It is claimed by environmental economists, that this continuous 
incentive is a built-in feature of economic instruments, as by imposing a cost on particular 
polluting activities, actors behaving as profit maximisers, will be bound to implement 
measures that reduce their emissions of the polluting substance in order to minimise their 
exposure to the tax.  Through this imposition of a cost to polluting activities, 
environmental economists attempt to internalise the negative external environmental 
effects of the production process and correct the failure in the market to allocate resources 
in the best interests of society.   
The perceived role of technology in transitions to more sustainable societies explains the 
significance attached to the ability, or otherwise, of economic instruments to spur 
technical, technological change and innovation within target groups.  With the twin 
pressures of economic growth and a rapid increase in world population, the effects of 
technology on the environment have become increasingly detrimental.  Therefore, 
economic instruments have been adopted by governments following an ecomodernist 
programme of action by which they can be specifically designed with the intention of 
steering individual businesses within industrial sectors into adopting cleaner production 
methods and technologies and to innovate. This will lead to reductions in pollution, which 
can be to within the ecological constraints imposed upon the economy, if the various 
carrying capacities of eco-systems are incorporated into the design. In this case, a well-
designed policy can be an effective tool of ecological modernisation, through addressing a 
specific environmental problem, whilst allowing continued development, which is now 
environmentally sustainable.   
The innovation and diffusion of cleaner technologies is credited with providing a plus-
sum contribution to the ecological problematique, through the boost to the economy 
delivered by newly created sectors involved in the production of green technologies, the 
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implementation of which have environmental benefits.  This serves to illustrate the 
fundamental principle at the core of ecological modernisation: the rejection of what was 
previously perceived to be the antagonistic relationship between economic growth and 
environmental protection.   
It is generally accepted that the path towards sustainable development, which is a global 
concept, requires profound changes within the industrialised countries of the north (Sachs 
et al, 1998).  This is in order to reduce massive over-consumption of resources in the face 
of a rapidly growing global population demanding the satisfaction of needs and ‘wants’ 
from a finite resource base, and thus providing an alternative economic role-model for 
developing countries, based on an integration of environmental considerations into all 
economic decisions.  This provides the rationale for the ecomodernist approach with 
economic instruments being amongst the policy tools available, with the potential for 
aiding a transition to a post-industrial society, where development becomes 
environmentally sustainable by respecting ecological constraints. 
 
 
1.2. Rationale of Study 
 
The motivation behind this study is a desire to discover whether economic instruments, 
specifically ecotaxes and charges, deserve the attention they have received in recent 
years.  These instruments have been heralded as being essential tools for sustainability 
and for this reason have been advocated by organisations such as Friends of the Earth. 
The line of enquiry followed in this research focuses on the potential of economic 
instruments to harness market forces and spur technical, technological change and 
innovation through the incentive effect of the charge, in line with environmental 
economics theory. This theoretical process mirrors the discourse of ecological 
modernisation, “what first appeared a threat to the system now becomes a vehicle for its 
very innovation” (Hajer, 1995:32).  It was considered intriguing to study the possibility of 
the plus-sum solution, which it is claimed ecomodernist government programmes 
provide.  Therefore, the interest focuses on the potential of ‘best-case’ instruments as 
effective tools of ecological modernisation; do they perform as predicted by 
environmental economics and to what extent are they capable of spurring technical, 
technological change and innovation and fulfilling environmental objectives?  
It is important to understand the role played by environmental policy in technological 
change.  A key factor in achieving sustainability is the extent to which policies can be 
designed to act as a steering system, through which individual firms within the various 
sectors of the economy, up till now following unsustainable trajectories, can be induced to 
adopt cleaner technologies and therefore shift onto more sustainable pathways.  This 
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derives from a realisation of the pivotal role of technology within the sustainability debate 
and the importance of selecting the right technologies in order to avoid sectors becoming 
locked in to particular unsustainable technology trajectories.  This becomes all the more 
significant in the light of long term policy challenges such as that posed by the threat of 
global climate change.  
The empirical evidence is generally consistent with theoretical findings that market-based 
instruments for environmental protection are likely to have significantly greater, positive 
impacts over time than command-and-control approaches on the invention, innovation, 
and diffusion of desirable, environmentally-friendly technologies with the overall 
conclusion from the reports on environmental effectiveness of economic instruments 
being positive (OECD, 1997).  However, evidence is limited, assessments are based on 
scant data, and in-depth evaluations are scarce.  The main uncertainty about the real value 
of economic instruments can be attributed to the lack of empirical knowledge concerning 
their theoretical advantages (ibid, 1997).  In the words of Kemp (1997:313),  
 
“…The focus of such studies is on the effectiveness of policy measures, not on 
technology and how the policies influenced technological innovation and 
diffusion.”  
 
This lack of empirical information pertaining to the theoretical advantages of economic 
instruments provides the main focus for the study.  If these tools can indeed spur targeted 
actors to continuously search for new techniques and technologies in order to minimise 
pollution then their role in aiding a transition to a more sustainable society takes on a 
greater significance.   
The intention of the study was to identify the crucial elements, within the design of two 
‘text book’ cases, which resulted in their effectiveness in achieving the original policy 
objectives.  Furthermore, the study aimed to establish the extent of technical, 
technological change and innovation that has occurred as a result of the instruments.  In 
addition, through the analysis of these successful cases, the full potential of these 
instruments might be established.  Also, the possibility existed that design weaknesses 
may be identified.  In this way, it was hoped that the study might contribute to knowledge 
in the field of policy design.   
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1.3. Selected Instruments 
 
The cases selected for the purpose of this study are the Swedish Charge on Emissions of 
Nitrogen Oxides in Energy Production and the Dutch MINeral Accounting System 
(MINAS).  The nitrogen oxides (NOx) charge was implemented in 1992 with the aim of 
reducing polluting emissions of NOx, a constituent of acid rain, from energy production 
plants. The charge was designed to provide an incentive for the producers to invest in 
pollution abatement technology and improve their process controls. The NOx policy is 
based on measured emissions and required the liable plants to install dedicated measuring 
equipment. The policy did not have a specific reduction target, although it was expected 
to reduce the emissions of the targeted plants by 20%. 
MINAS was introduced in 1998 and targets mineral surpluses, that is the excessive 
amounts of nutrients, specifically nitrogen and phosphorous, that leach from agriculture 
and cause the pollution of ground and surface waters.  It consists of a charge imposed on 
each kg of nitrate or phosphate per hectare that is leached to the environment above a 
specified levy-free surplus. The levy-free surplus represents an admissible level of 
nutrient leaching that is bound to occur.  The levy per kg N/P has been increased 
incrementally from its implementation in 1998 until 2003, when a final levy rate was 
established.  Furthermore, the levy-free surpluses have been incrementally reduced over 
the same period until the final standard was reached in 2003.  The main aim of MINAS is 
the reduction of nitrates in groundwater in the Netherlands to the World Health 
Organisation safety limit of 50mg nitrate per litre groundwater.  
 
 
1.4. Aim of Study 
 
Economists generally promote economic instruments as an efficient way of achieving 
environmental objectives. They are accredited with the potential for leading to the 
diffusion of pollution abatement technology, as well for spurring technological and 
technical innovation. This in turn can achieve the desired environmental objective faster 
and more efficiently than command-and-control policy measures. Traditional regulatory 
measures appear to have failed when it comes to the environment, as can be seen by the 
increasing amounts of waste, resource use, and air and water pollution, in industrialised 
countries. Economic instruments have been receiving increased attention in the 
environmental policy sphere and it is important to recognise the potential, as well as 
limitations, they have in helping achieve environmental objectives. Excessive reliance on 
their capacities in this regard should not be placed upon them, unless deserved.  
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Can market-based instruments succeed where command-and-control regulatory measures 
have failed? If this were the case, how far-reaching are such effects? Can these 
instruments speed up the ecological modernisation of society, leading to more sustainable 
industrial sectors?  In order to assess the potential of economic instruments as tools to 
facilitate a transition to a more sustainable society, the following problem formulation has 
been conceptualised: 
 
“How can economic instruments generate technical, technological change 
and innovation and, with reference to two case studies, to what extent has 
this process occurred?”  
 
 
1.5. Research Objectives 
 
Whilst the overall aim of this study is to gain insight into the influence economic 
instruments have had in stimulating the desired responses from target groups, the 
following more specific working questions will be addressed: 
 
? Did the economic instrument lead to a diffusion of pollution abatement 
technology, cleaner technologies, and improved methods of production? 
? Have the instruments been effective with regards to their environmental 
objectives?  
? Do targeted actors implement technical, technological change and innovation 
based solely on economic rationality? 
? Why have certain good performers continually implemented pollution reduction 
measures? 
? What are key factors in the design of the instruments that have resulted in their 
success? 
 
 
1.6. Boundary of study 
 
It was recognised that the possibility existed for the study to become very large in scope if 
the potential effects of the instrument on supporting industries was examined in depth. 
Therefore, it was decided to focus most attention on the potential static and dynamic 
effects of the instruments on the immediate target groups.  This was despite awareness of 
the fact that target groups altering their management practices and implementing 
technologies in order to reduce pollution and minimise their tax burden, may well have an 
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impact on supporting industries, such as suppliers and developers.  Such responses from 
inter-related sectors can take the form of the provision of improved products, equipment 
and systems, which can be followed by innovation into alternatives, which eliminate the 
use of the taxed resource, although this final adaptation takes years to occur, if at all.  
Certainly in the MINAS case, such innovation from supporting industries would entail 
eliminating the use of nitrogen and phosphorous in feedstuff and artificial fertiliser, 
something that will not occur, as these minerals are essential for crop growth and 
constitute crude protein in feed.  The fact that MINAS has only been operational for five 
years was considered to be a limitation on the observable effects passed upstream to 
supporting industries.  However, an attempt was made to uncover some initial stages of 
this process.  The Swedish NOx charge has been in place for over a decade, and due to 
this longer period of operation it was expected that the occurrence of adaptations within 
supporting industries would be further advanced.  Indeed, innovation has occurred in the 
sphere of NOx reduction technology and measuring equipment.  However, the strong 
contributing influence of relevant international protocols and policies were deemed to be 
inextricable from the effects of the charge without a more in-depth study on this separate 
supporting industry, which is not within the scope of this study.  Nevertheless, an initial 
exploration into the possible wider effects of the NOx charge on inter-related companies is 
provided in acknowledgment of the possibility of such occurrences. 
 
 
1.7. Definitions 
 
It was considered appropriate to include a list of definitions in order to clarify the various 
terms used in this study, especially since a number are used interchangeably within the 
literature.  The following definitions will be used in this study.   
 
Economic Instrument – Policy instrument “affecting estimates of costs and benefits of 
alternative actions open to economic agents” (OECD, 1997:15) 
 
Tax – ‘Unrequited’ payments, the revenues going to the general (OECD/Eurostat 
definition, in EEA, 2000:19) 
   
Charge – ‘Requited’ payments  (the revenues being recycled or used for purposes related 
to the charge base) (OECD/Eurostat definition, in EEA, 2000:19) 
 
Taxes and Charges – Both these terms are often used interchangeably in the literature to 
mean a levy imposed upon each unit of pollution, regardless of the final destination of the 
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raised revenue. This is further complicated by the fact that these terms have different 
definitions within Nordic countries.  In accordance with this, the two terms are also used 
interchangeably in this study. 
 
Environmental Effectiveness – “The environmental impact and performance of the 
instrument…contribution to the achievement of the policy objectives” (OECD, 1997:32) 
 
Static efficiency - Providing incentives for the target group to implement short-term 
pollution abatement at minimal cost  
 
Dynamic efficiency – “Technological and managerial innovation in individual firms, and 
the exit and of entry firms, which can create an improved environmental performance of 
the sector as a whole” (EEA, 2000:15).  
   
Dynamic Effects – Providing a continuous incentive for the target group to seek new 
ways to reduce pollution 
 
Technical Change – “A change in technique, which is characterised by a particular way 
of combining inputs or technology, including both tools and knowledge” (Hogg, 
2001:176) 
 
Technological Change – The adoption of existing technologies (hardware, materials, 
etc.) not previously used by the targeted actor. 
 
Innovation – “Use of a new or improved product, process or the use of a new or different 
material” (Kemp, 1997:8) 
 
Diffusion –“The adoption of the new technology over time” (Kemp, 1997:8) 
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 2. Methodology 
 
 
2.1. Problem Formulation 
 
This section will provide details of the research methods utilised in order to answer the 
following problem formulation, 
 
 “How can economic instruments generate technical, technological change 
and innovation and, with reference to two case studies, to what extent has this 
process occurred?”  
 
Furthermore, a rationale and assessment of the choice of methods will be provided. 
 
 
2.2. Proposed Format: Case study of Economic Instruments 
 
According to Yin (2003:9), case study research is appropriate for answering how or why 
questions being asked about “contemporary events over which the investigator has little 
or no control”. This then confirms the suitability of the case study format for attempting 
to answer the above problem formulation.  
Two case studies of economic instruments thus form the basis of the thesis and, through 
an analysis of published data, it was envisaged that it would be possible to establish the 
design elements within each case study that have been necessary in order to generate the 
appropriate responses from the target groups.  Furthermore, the intention was to assess the 
extent of the responses, and the resulting environmental outcome of the policies.   
In addition, it was also the original intention of the study to investigate the extent of the 
response on an individual company/farm level and to attempt to establish the motivations 
behind observed continuous improvements.  In the MINAS case, interviews were sought 
with farmers who had reduced their mineral surpluses beyond the final levy-free surplus 
of 2003.  Similarly, in the NOx charge case study, it was planned to interview companies 
that had continuously reduced their emissions.  It was hoped to discover what part the 
economic instrument might have played in achieving these results. 
Such information is unavailable in a published format, dealing as it does with internal 
decisions, considerations and motivations that will necessarily vary from one 
company/farm to the next.  Once again, the case study method was considered 
appropriate, since it allows the selection of a group of subjects to find in-depth answers to 
a specific research question concerning motivations (Yin, 2003).  Therefore, a process of 
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establishing contacts was initiated, with the aim of firstly, locating ‘best performer’ farms 
and companies, and secondly key personnel within the targeted businesses. 
Unfortunately, it was not possible to arrange any interviews with farmers or companies, 
despite making contact with suitable companies, in the case of the NOx charge, and staff 
in a position to pass on contact details of suitable farmers, in the MINAS case study.  A 
dialogue was established in both cases with these members of staff but no interviews were 
forthcoming.  A modest amount of data, regarding individual emission reductions and 
pollution abatement measures in the NOx charge case study, and the provision of basic 
published material in the MINAS case study, was obtained through the connections 
established.  Therefore, the planned empirical element of the study to explore the 
motivations of the target actors and the role of the economic instruments in spurring such 
motivations could not be pursued.  This, however, did not detract from the main core of 
the study and was not in any way necessary in order to answer the problem formulation.  
 
 
2.3. Selection of Case studies 
 
It was decided to focus on the European Union as a source for the selection of economic 
instruments, the rationale being that the EU is a major power in the global economy.  
Consequently, the countries within the European Union have amongst the largest 
industrial bases, most intensive agricultural systems, the highest levels of consumption 
and this is linked to a correspondingly high burden on the environment.  Therefore, it is 
widely recognised that the industrialised countries of the north are required to lead the 
way in attempts to tackle the environmental damaging consequences of modernity (Sachs, 
1998).  The Environment has steadily been gaining importance within the EU over the 
past decades, so much so that this shift in priorities was legitimised in the Single 
European Act in 1987, with the inclusion of the need to integrate environmental concerns 
into all other policy areas.  Therefore, it was considered that recent EU environmental 
policy would provide economic instruments reflecting state-of-the-art thinking on the 
optimal means of achieving sustainable development. 
The selection process involved a review of the literature concerning economic 
instruments in operation and involved applying certain criteria, the satisfaction of which 
were felt to be important in selecting the final cases.  The criteria are listed below, 
 
• The instruments must have produced a marked environmental benefit i.e. a 
significant reduction in the targeted emission. 
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• They should be of a particular design, i.e. an incentive tax/charge, specifically with 
a relatively high levy set, thereby providing an intended economic incentive for the 
target group to alter behaviour.    
• The instruments should have been in operation for a sufficient time in order for 
sufficient data to be available.  
 
The application of these criteria resulted in the selection of the Swedish NOx charge and 
the MINAS mineral accounting system in the Netherlands.  The Swedish NOx charge is 
perceived as being a textbook policy measure, whilst MINAS is a state-of-the-art 
instrument, reflecting the result of the policy-making process of an advanced ecologically 
modernised government.  The most important factor guiding selection was the success of 
the instruments with regards to achieving their environmental objectives.  This would 
then suggest that the instrument has generated an incentive effect amongst the target 
group and such reductions in pollution may well have been achieved through the 
implementation of environmentally beneficial technical and technological changes.  This 
would then facilitate an investigation to establish how the two instruments have generated 
such responses within the target groups and lead to the identification of the particular 
design features of the instruments that were necessary for their success.  A more detailed 
rationale for the selection of the case studies is provided under the respective case study 
chapters. 
 
 
2.4. Published Data Utilised 
 
The published data utilised in assessing the economic instruments was a combination of 
national statistics, official reports and secondary data from studies published on the 
impact of the charges. For the NOx-charge case study, the environmental effectiveness 
was assessed on the basis of official NOx emissions data for the targeted sector. This was 
available on a macro, meso and micro level from the Swedish EPA.  The static efficiency 
was assessed on the basis of existing studies on the NOx charge. This data pertained to the 
type and extent of pollution-abatement measures implemented, and was available on an 
industry and sector level. Indications of dynamic effects were based on individual plants’ 
emission data from the Swedish EPA.  In the MINAS case study, the original reduction 
targets of the policy provided the basis for an assessment of its environmental 
effectiveness, coupled with the expected effects this would have on nitrate levels in 
groundwater.  The occurrence of static efficiencies was established through reference to 
secondary empirical data available in a recently published paper, which documented the 
responses of 72 dairy farms to the implementation of MINAS.   
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2.5. Establishing contacts 
 
As the original intention of the study was to include an empirical element, involving face-
to-face interviews with key members of staff, a selection process was initiated based on 
specific criteria, formulated to ensure their suitability.  The intention was to locate ‘best 
performer’ companies/farms, which would enable an investigation into the motives 
behind their actions.  In order to locate these appropriate ‘best performers’ initial contact 
was made with suitable persons from various sources including the Swedish 
Environmental Protection Agency, the Swedish Ministry of Environment, The Dutch 
Embassy in Denmark, the Dutch National Institute for Health and the Environment, 
Wageningen University, Project Farm Data in Practice and the Levies Office in the 
Netherlands.   
With regards to the MINAS case study, a dialogue was established with an employee in 
the Dutch Ministry of Agriculture who, in turn, introduced a colleague from the project 
‘Cows and Opportunities’ (Koeien en Kansen), consisting of 17 Dutch dairy farmers 
involved in trials of various techniques to reduce mineral surpluses.  It was established 
that a number of the farms had reduced their mineral surpluses beyond the final standard 
for 2003.  The intention was to select two farms from these best performers, however 
their contact details were not provided.    
In the case of the NOx charge, the Swedish EPA provided links to data available 
concerning the emissions of individual companies from which it was possible to identify 
companies with low emissions in relation to their energy output, and that appeared to 
have continually reduced emissions over the past few years.  Five companies were 
selected and contacted either by email or by telephone. Two of these companies agreed to 
answer questions related to the NOx charge via email.  The two employees who supplied 
the information held the position of Manager of the Environment Department and 
Manager for District Heating respectively.    
 
 
2.6. Problems Encountered 
 
The language barrier presented a major problem encountered during the research process, 
which was applicable to both case studies.  Research was hampered by the fact that all 
recent in-depth policy documents into the effects of MINAS, are published in Dutch, 
which rendered them incomprehensible.  A similar problem was encountered in the 
Swedish NOx charge, which greatly increased the amount of time it took to collect the 
relevant data.  In both instances it was necessary to call on the translation services of a 
colleague in order to obtain, at least some, information from these sources.    
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The fact that it was not possible to arrange interviews resulted in the planned empirical 
element of the study being discarded.  However, the problem formulation is of a 
theoretical nature and thus requires a thorough theoretical understanding of the concepts 
involved.  It was therefore considered appropriate to answer the problem formulation 
through reference to published works within the various theoretical fields.  Furthermore, 
this was supplemented by a degree of empirical data collected via email from a number of 
suitable best performer companies in the Swedish NOx charge, and a recently published 
Doctoral thesis (2002) in the MINAS case study, which facilitated a fresh interpretation 
of secondary empirical data.   
 
 
2.7. Theoretical Approach 
 
A firm theoretical understanding of certain important central concepts was considered 
necessary to provide the knowledge to be able to answer the problem formulation.  
Therefore, chapters on sustainability and sustainable development, ecological 
modernisation and the theory of economic instruments are provided, forming the 
theoretical foundation for the study.   
The concept of sustainability developed during the last half of the previous century in 
response to the increasingly adverse effects of industrialisation on the environment and a 
realisation that continued economic growth was having an increasingly detrimental effect 
in this regard.  Also, it was developed in acknowledgement of the fact that something 
should be done about the wide income disparity between the industrialised countries of 
the North and those of the Third World.  Thus, ecology and equity were the fundamental 
values behind the concept.  Sustainable development derived from this philosophical 
debate during the 1980s within the industrialised countries, in order to operationalise 
sustainability.  The Brundtland report of 1987 is considered to be the landmark work that 
popularised sustainable development and made it more accessible to governments.  
However, whilst being a comprehensive set of normative ideas concerning what 
sustainability should entail, it lacked a certain practical dimension, being short on 
concrete proposals as to how to achieve sustainability.  Nevertheless, sustainable 
development provides an ultimate goal and thus a platform from which the case studies, 
that are the subject of this research, can be judged, in terms of their environmental 
effectiveness.   
In contrast, the discourse of ecological modernisation provides a programme of action for 
governments through which sustainable development can be achieved.  To this end, 
ecomodernists propose a specific set of policies aimed at the transformation of institutions 
through the integration of economic and environmental considerations. This relates to the 
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practical dimension of ecological modernisation, whilst it is also a social theory which 
attributes the growing concern over the environment within society as a learning process 
(at least in one interpretation), resulting in the incremental adaptation of society as a 
whole in order to overcome the ecological crisis.  This would suggest that society has the 
capacity to continually improve, through the formulation of progressively more effective 
policies based on the core aim of integrating the economy and the environment, and 
hence, to finally achieve the ultimate goal of sustainable development.  The inclusion of 
ecological modernisation is justified because it is the dominant approach to environmental 
management within the industrialised countries.  Furthermore, ecomodernists borrow 
heavily from the discipline of environmental economics for the formulation of policy, 
which has increasingly focused upon the use of economic instruments as efficient tools 
for internalising the negative environmental consequences of development.  This presents 
a further rationale for the inclusion of ecological modernisation, whilst the link is 
established with the subsequent chapter on the theory of economic instruments.  
Environmental economics presents the theoretical model of economic instruments, and is 
thus essential for an understanding of the mechanism by which these tools are supposed 
to generate technical, technological change and innovation within target groups.  
Dynamic Effects                                                                                          Christina Mallia and Stuart Wright 
 14
 3. Sustainability and Sustainable Development 
 
 
3.1. The Emergence of the Environmental Problematique  
 
During the late 1960s an awareness of the increasingly adverse effects of modern 
industrialised society upon the natural environment began to emerge. This was illustrated 
by a variety of emblematic themes such as the threat of nuclear catastrophe, to more local 
concerns over the pollution of water, soil and air (Hajer, 1995).  Environmental concerns 
gained even greater prominence with the publication of several books on the subject, such 
as The Limits to Growth report (Meadows et al, 1972), A Blueprint for Survival (The 
Ecologist, 1972) and Small is Beautiful (Schumacher, 1974), of which the former proved 
to be the most influential, endorsed as it was by The Club of Rome, which comprised a 
number of respected figures from business and politics.  All three works expounded the 
fact that a global ecological crisis was looming, predicted to occur sometime within the 
next century due to, 
“Five major and mutually inter-related trends: ‘accelerating 
industrialisation, rapid population growth, widespread malnutrition, 
depletion of non-renewable resources and a deteriorating environment.’” 
(Hajer, 1995:80) 
Major social and economic structural changes were advocated, especially a curbing of 
economic growth (which was deemed to be inextricably linked to pollution and resource 
use) otherwise a severe food and natural resource shortage was predicted to occur within 
the next century. This warning was not popular in political circles and much was done to 
undermine the forecasts, especially of The Limits to Growth report. Although the report 
could be seriously criticised regarding the methodology and data used, concern regarding 
the finite nature of resources, such as fossil fuels, timber, water, and land for agriculture, 
was well-founded and could not be dismissed. 
Concern was increasing regarding the adverse environmental effects of industrialisation, 
arising from the use of nature as an unlimited sink for waste and pollutants. The 
appearance of acid rain in various European countries was one such manifestation that led 
to the environment acquiring a place of consideration on the international political 
agenda. 
Whilst all three texts previously mentioned were in agreement as to the nature of the 
dilemma, The Limits to Growth report suggested an entirely different approach with 
regards to the manner in which the global problematique should be dealt with.  Even 
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though the root cause of the ecological crisis was identified as being structural in nature, 
the authors then went on to advocate the appropriateness of hierarchical, technocratic and 
top-down regulatory responses, thus further reinforcing the very structure that they had 
originally identified as being the root of the problem.   
Despite the assertion of all three influential books that only a steady state society would 
be able to prevent a global collapse, policy measures that were introduced in an attempt to 
mitigate environmental damage, reflected the opinions of the more ‘credible’ Limits to 
Growth and the attempts made to contain the environmental problematique were through 
the use of “ad hoc, and ex post remedial measures” (Hajer, 1995:25), such as end-of-pipe 
solutions.  
Environmental issues continued to be a part of the political agenda throughout the 1980s 
and 1990s, ‘assisted’ by a series of environmental disasters such as the toxic chemical 
leak in Bhopal and the reactor explosion and subsequent radioactive fallout at Chernobyl. 
Environmental problems also assumed a global and more serious dimension with issues 
such as the depletion of the ozone layer and the debate on induced climate change. There 
were no national boundaries to these new pressures, and a realisation emerged that 
progress and economic growth were capable of generating unforeseen incalculable risks. 
Consequently, a need to develop and implement strategies for a sustainable future gained 
importance.   
 
 
3.2. The Concept of Sustainability and Sustainable Development 
 
The concept of sustainability implies continuity over time, and thus necessitates the need 
for a reversal of the destructive trends and inequity generated by present day industrial 
society, and the formation of an egalitarian society with “the maintenance of social life 
within the Earth’s carrying capacity” (Garcia, 2000).   
The earliest reference to sustainability can be attributed to the International Union for the 
Conservation of Nature and Natural Resources (IUCN) in its 1980 World Conservation 
Strategy, which focused on the need to conserve and maintain the earth’s living resources. 
In this context, ‘sustainable development’ was limited to ecological sustainability, and did 
not include economic and social issues. In 1987 sustainability took on a much wider, all-
encompassing nature with the Brundtland commission’s report “Our Common Future”, 
where the concept of sustainable development was defined as,  
 
“Development that meets the needs of the present without compromising the 
ability of future generations to meet their own needs” (WCED, 1987:43).  
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It was considered that development within these boundaries would provide a route to 
long-term sustainability, now recognised as requiring the consideration of economic, 
social, as well as environmental dimensions. 
The report endorsed the fact that the environment was being irrevocably damaged and 
with it humanity’s sustenance base and quality of life. Sustainable development was 
therefore advanced as a conceptual framework, which in theory provided the means by 
which societies could become sustainable.  Whereas before, the imperative for economic 
growth was implicitly questioned, sustainable development suggested that economic 
growth and environmental protection could be reconciled.  Thus, society was free to 
continue to develop, in the generally accepted sense, whilst at the same time addressing 
the adverse environmental effects of industrialised society. This decoupling of economic 
growth and environmental degradation implied that future development was possible 
through a process of integrating environmental considerations into the institutions of 
society.  The political programme of action to achieve sustainable development thus 
involved the ecological transformation of modern-day institutions as opposed to the wide-
ranging structural changes advocated by the more radical elements within society.  Thus, 
the concept of sustainable development possessed both political and public appeal as it 
provided governments with a theoretical framework for the creation of policies for 
environmental management, operating within the existing socio-economic structure, 
whilst the political acceptance of environmental issues satisfied wide-spread public 
concern.  
Although the concept (as defined in the Brundtland Report) gave an ultimate goal, the 
necessary strategies were vague and open to interpretation. Whilst the idea of sustainable 
development was accepted in principle, perspectives of what it meant in practice and how 
it should be implemented differed greatly.  
 
 
3.3. The Levels of Sustainable Development 
 
The different interpretations of sustainable development are very dependent on the 
inherent views regarding the relationship between Man and nature. Although there is a 
general consensus regarding the need to change attitudes towards nature, the degree and 
type of change needed is much debated. The core environmental philosophies in the 
debate belong to two distinct schools of thought, the ecocentric and anthropocentric 
perspectives, which in turn underline the difference between ecologism and 
environmentalism. 
Baker et al (1997) categorise the different approaches to sustainable development in 
advanced industrialised countries into a framework or ladder, which differentiates on a 
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number of practical aspects, such as the role and character of technology, institutions, 
policy tools, and nature. The “differing ideological beliefs about the natural world” (ibid, 
1997:8), which underline the different ‘rungs’, or levels, of sustainable development, 
range from the extreme anthropocentric at one end, to the ecocentric at the other, and the 
four approaches which lie along this philosophical gradient are defined as the Treadmill, 
Weak, Strong, and Ideal Model. 
The treadmill approach, “as epitomized by transnational industrial corporations and the 
world of high finance” (ibid, 1997:12), is anthropocentricity at its most extreme, and 
envisages a continuation of current institutions, such as the global economy and market, 
capital-intensive production, exponential economic growth and resource exploitation.  
The ecocentric perspective, in contrast, perceives man as being part of nature and “in the 
final analysis nature is seen as conditioning economic, social and political activity” 
(Baker et al, 1997:10). For the radical green movement, the search for sustainability calls 
into question the foundation upon which modern industrialised society is based and 
argues that many of its fundamental institutions are inherently unsustainable, in that they 
generate environmental damage and inequality as an unavoidable consequence of their 
internal dynamics.  This ideal model of sustainability requires the decentralisation of 
institutions, changes in patterns and levels of production and consumption (in order to 
meet needs, not wants), extensive local self-sufficiency, the protection of biodiversity, 
labour-intensive and appropriate technology, and a ‘bottom-up’ community structure and 
control. The vision is representative of the ‘deep ecology’ or Radical Green movement.  
In between the treadmill and the “largely unobtainable” ideal model of sustainable 
development (Young, 2000: 26) are the weak and strong approaches, which tend towards 
the anthropocentric and ecocentric philosophies respectively, but are essentially 
anthropocentric (or more precisely, technocentric) in nature. They rely on humanity’s 
capacity to improve techniques and technology, and do not envisage the radical change 
required by the ideal model, but merely a modification and improvement of current 
structures and institutions. 
Weak sustainable development aims “to integrate capitalist growth with environmental 
concerns” (Baker et al, 1997:13), and tends to be favoured by industry, governments, and 
international institutions like the World Bank and the United Nations. It presumes that 
environmental protection requires economic growth, and as such leaves current structures 
and institutions fundamentally unchanged, stressing increased resource efficiency and the 
limiting of pollution, typified by end-of-pipe technical solutions. Furthermore, it makes 
use of policy tools such as cost-benefit analysis and environmental impact assessments in 
an attempt to “assess the economic costs and benefits of environmental projects” (Pearce 
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et al, 1994). However, critics maintain that such an approach attributes only a monetary 
value to the environment, and fails to acknowledge the intrinsic value of nature.  
Conversely, supporters of the strong approach assert that economic development relies on 
environmental protection. This perspective is synonymous with environmental NGOs and 
a number of Green parties. Economic growth is still the objective, although a change from 
the quantitative to the qualitative is emphasised, an approach “epitomised by ‘ecological 
modernisation’ among some of the larger EU firms” (EEA, Weale in Baker et al:15).  The 
targets are also more ambitious and include the adoption of clean technology (moving 
beyond end-of-pipe solutions to the elimination of pollution at source), the development 
of environmentally benign products and supply chains, integration across sectors, and the 
development of better market-based instruments. The emphasis in both weak and strong 
sustainability is consistently technocentric, and based on humanity’s capacity to improve 
techniques and technology (Baker et al, 1997; Young, 2000). 
Although theorists have attempted to categorise what sustainable development means 
from different perspectives, the concept defies strict classification, and in fact the four 
approaches described above “are a representation of broad schools of thought which can, 
and often do, overlap” (Baker et al, 1997:17). Thus, a sustainable development strategy 
may contain aspects from different perspectives. O’Riordon suggests that in real life, the 
distinction is blurred and certain elements of both the anthropocentric and ecocentric 
environmental philosophies are favoured, “depending on such factors as our changing 
economic status and the institutional setting or issue at hand” (O’Riordon, in Elliott, 
1999:20). On a political level, it is the treadmill, weak, and strong approaches that are 
generally discussed, all essentially anthropocentric in nature. The radical green viewpoint, 
which is in fact at odds with sustainable development’s preconception that economic 
growth and ecological priorities can be simultaneously met, is often not considered to 
have any part in such a debate.  
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 4. Ecological Modernisation 
 
 
4.1. Introduction 
 
Despite much talk of sustainable development since 1987, and more significantly since 
the Rio Summit in 1992, little action and results have followed, as seen ten years later at 
the Johannesburg Earth Summit on sustainable development.  It cannot even be said that 
the modest targets of weak sustainability concepts have been implemented to any 
significant degree.  It could be said that sustainable development is too vast, abstract, and 
sweeping a concept to be implemented in one go, and in the negotiated timeframes.  A 
more focused programme of action, aimed at tackling over-consumption of resources in 
the north, is provided by ecomodernists, who base their policies on the theory of 
ecological modernisation. 
 
The theory of ecological modernisation is seen as an attempt to “understand the impact on 
society of environmental problems that began to emerge in the 1970s” (Murphy, 2001:4), 
which included complex transboundary problems such as ozone depletion.  Radical 
environmental theorists insisted that the only way such problems could be overcome was 
through the radical restructuring of socio-economic institutions.  However, a number of 
policies formulated in response to these phenomena have achieved positive results, for 
example the Montreal Protocol can be singled out as a relatively successful strategy.  This 
then casts a modicum of doubt on the radical perspective, certainly enough to warrant a 
concerted effort to explore alternative solutions.  Ecological modernisation theory has 
been developed over the past twenty years to explain the processes involved that led to 
such ‘successes’ in an attempt to move beyond what was previously considered to be the 
antagonistic relationship between economic development and environmental protection 
(Gouldson et al, 1997).  As a theory, it suggests that rather than the industrialised 
countries of the north facing fundamental unsolvable problems, they face an ecological 
crisis, which whilst posing a severe challenge, can nevertheless be overcome through the 
transformation rather than complete restructuring of the key institutions of modernity 
(Murphy, 2001).   
 
Giddens (in Spaargaren et al, 2000) interpreted the environmental crisis as a number of 
undesirable repercussions of the process of modernisation, which led to society becoming 
disembedded from its natural context.  In order to alleviate the environmentally damaging 
side effects of modernisation, ecological modernisation, as a broad strategy, seeks to re-
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embed society within its ecological constraints, in order that the process of modernisation 
can continue.  Huber saw ecological modernisation as the emergence of an ecological 
societal sphere, developing through the institutionalisation of an ecological rationality to 
join the other spheres of economy, politics etc as defined by modern social theory, and in 
particular as ecological rationality achieving an equilibrium with the predominant 
economic rationality (Leroy et al, 2000).  The emergence of an independent ecological 
rationality has been attributed to ‘institutional reflexivity’, which in essence involves the 
institutions of modernity, both public and private, undergoing a learning process when 
faced with the challenge posed by environmental damage, and through this learning 
process attempting to adapt to overcome the ecological crisis.  Ecological modernisation 
suggests that, amongst modern institutions, environmental considerations have moved 
from the periphery to a central position with regards to decision-making (Mol, 1995:394).  
Whilst radical greens attribute much of the current environmental crisis to the growth 
imperative inherent within capitalist economies, ecological modernisation on the other 
hand, through a series of strategies, seeks to steer the ‘capitalist machine’ by harnessing 
the forces of entrepreneurship that have provided the engine for growth to spur a new 
‘green’ phase of economic development.   
Governments have adopted eco-modernist policies since the early 90’s and ecological 
modernisation is now the dominant principle for the formulation of environmental policy-
making amongst the industrialised countries.  As a solution to the environmental crisis, its 
popularity amongst western governments is understandable and explains its rapid 
adoption.  In order to understand its favourable status it is first necessary to analyse the 
relationship between the role of the state and that of capitalism.   
 
 
4.2. The Popularity of Ecological Modernisation 
 
According to Patterson (2001), the state has through history, developed various means of 
self-legitimisation.  One such act of self-legitimisation has been war-making, which not 
only provided a means through which states “increased their power vis-à-vis other states”, 
but also provided a means through which a population could be transformed into a nation 
through a shared sense of identity secured through disciplined opposition to others (ibid, 
2001:43).  In order to facilitate the act of war making, but also to secure internal control 
over the population, state elites have been bound to engage in processes of accumulation 
in order to finance such measures.  In capitalist societies, the economy requires constant 
growth and therefore one of the roles of the state is to “secure the conditions under which 
capital accumulation can proceed smoothly” (ibid, 2001:43).  In this manner, such capital 
accumulation has become an imperative for states.  However, calls for sustainability, as 
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understood by radical greens, require a halt to growth but this challenges one of the 
fundamental roles of the state.  Conversely, the need to do something to address the 
environmental problematique and answer the criticisms of greens was clear to western 
governments.  This conforms to another fundamental imperative of the state, to protect its 
citizens.  Therefore, the state faces a deep contradiction between the imperatives of 
continued capital accumulation and a need for sustainability, which certainly after the 
publication of books such as “Limits to Growth” appeared to require a stop to growth.  
Ecological modernisation therefore provides an ideal solution for governments as, whilst 
it acknowledges the structural character of the environmental problematique, it assumes 
that “existing political, economic, and social institutions can internalise the care for the 
environment” (Hajer, 1995:25).  In this manner, governments have avoided demands for 
major restructuring that could threaten their legitimacy. 
 
 
4.3. The Efficiency Revolution 
 
As discussed above, Huber (in Leroy et al, 2000:195) believed that the process of 
ecological modernisation involved achieving equilibrium between economic and 
ecological rationality.  He proposed that this be achieved both through “the ecologisation 
of economy” and “the economisation of ecology.”  The latter will be returned to later, 
whilst the former is said to involve the physical and organisational changes in production 
and consumption processes.  Industries and institutions are able to evolve and modernise 
in an ecological way, minimising their impact on the environment.  Thus, continued 
economic growth can be decoupled from environmental degradation, in essence through 
an efficiency revolution, minimising the rate of environmental damage caused per unit of 
output, whilst enabling continued growth.  Such an efficiency revolution needs to occur 
on two levels regarding the economy.  On the macro-level, transformation is required in 
order to alter the industrial basis from, “Energy and resource intensive industries towards 
service and knowledge intensive industries” (Gouldson et al, 1997:75), thus a shift occurs 
to a more environmentally benign trajectory leading to the reduced consumption of 
resources and waste production.  On the micro-economic level, the strategies proposed by 
ecological modernisers to solve the environmental crisis include, 
 
“The injection of improved techniques and technologies into production, the 
refinement and regulation of markets to tune them to ecological constraints 
and the “greening” of corporate ethics and objectives” (Low et al, in Adams, 
2001:112).   
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The strategy to inject improved techniques and technologies into production 
acknowledges the key role played by technology in the generation of environmental 
damage and the importance of considering environmental criteria when selecting new 
technologies, in order to avoid ‘lock-in’ to particularly harmful technology pathways.  
Such environmental criteria, for example, were not part of the decisions to adopt nuclear 
power or to implement policies aimed at the intensification of agriculture.  In particular, 
ecological modernisers seek to engineer a shift from the traditional end-of-pipe control 
technologies that were first implemented in the 1970s and which have been widely 
recognised as being insufficient to tackle the environmental crisis, to the adoption of 
cleaner techniques.  These include changed management practices and technologies 
which integrate “Environmental considerations into the design and application of 
products and processes” (Gouldson et al, 1997:75) thereby reducing the environmental 
impact at source through prevention.  It is both through the transformation of the macro-
economy and through the widespread adoption of cleaner technologies that ecological 
modernisation policies can act as a catalyst for future economic growth, but now along a 
more environmentally sustainable trajectory, due to the promotion of environmentally 
efficient industrial sectors and through a flourishing market in clean technologies.  This 
potential for ecological modernisation to address the environmental crisis, whilst spurring 
a new phase of capitalist expansion, has resulted in it being regarded by its supporters as a 
positive-sum solution.   
 
To return to Huber (in Leroy et al, 2000:195) and the “economisation of ecology,” this 
acknowledges the environment as the third component of the production process 
(overlooked until more recent times) along with labour and capital, and involves its 
economic valuation.  Ecological modernisation, drawing on neo-classical economic 
theory, recognises the role of market failure in the generation of environmental damage 
and proposes its refinement and regulation to adapt it to ecological constraints.  
According to economic theory, the environment is a public good to which there is free 
access.  Because there is no price attached to the goods and services provided by the 
environment, their scarcity does not lead to an increase in prices and therefore demand is 
not restricted.  Within a capitalist market economy, which relies on the self-interested 
pursuit of profit amongst businesses and institutions, this leads to the over-exploitation of 
natural resources, resulting in pollution as an external effect of market transactions and 
hence the failure of the market to ensure a socially optimal allocation of resources.  The 
role that economic theory plays in ecological modernisation and in particular the 
instruments it proposes to achieve sustainability will be returned to in the next chapter, 
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whilst the role of the state in ecological modernisation will be the focus of the next 
section. 
 
 
4.4. The Role of the State in Ecological Modernisation 
 
It can be said that ecological modernisation, whilst recognised as a theory of social 
change can also be identified, on a more practical level, as a programme of action to 
direct environmental policy for governments seeking to adapt society in order to meet the 
challenge posed by the ecological crisis (Murphy, 2001).  To this end a particular set of 
policies are recommended.  As discussed above, previous attempts to solve ‘externalities’ 
relied on the application of control technologies in response to governmental regulation, 
which sought to impose various pollution ceilings.  According to Mol, when summarizing 
statements by Jänicke and Huber, these policies were ineffective as they were inflexible, 
economically inefficient and unjust, and provided no incentive for targeted firms to adopt 
cleaner technologies or more environmentally progressive behaviour (Mol, 1995).  Here 
the concept of institutional reflexivity explains how governments experienced a learning 
process in the face of these ineffective earlier policies and therefore embarked on new 
strategies designed to better cope with the ecological crisis.  In response to these 
shortcomings, ecological modernisers propose that the role of the state be limited in 
environmental policies (relative to their previous role in implementing command-and-
control policies), to “providing favourable conditions for self-regulation” which entails 
the greater use of economic instruments, such as taxes and charges, and a greater 
emphasis on decentralised and participatory policy making (Leroy et al, 2000:199).  This 
reflects the belief that the market is a more efficient tool to achieve environmental goals 
within industry, compared to the previous regulatory policy approaches, which provided 
evidence of the failure of the state to govern the nature-society relationship.  According to 
ecological modernisation theory technical, technological change and innovation are 
identified as the key to transforming industry in order to meet the environmental 
challenge.  Therefore, the role of government through intervention is to stimulate 
innovations in order to shift industry onto more sustainable trajectories as stated by Weale 
(1992:78), 
 
“Public intervention is an essential part of ensuring a progressive 
relationship between industry and environment…implicit is a positive role for 
public authority in raising the standards of environmental regulation, as a 
means of providing a spur to industrial innovation” 
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With regards to policy this implies an enabling role for the state, whereby a regulatory 
framework is established, that compliments the efficiency of the market through the use 
of economic instruments to act as a spur for industry to implement ‘green’ technical 
(management) changes and invest in ‘green’ technological changes and innovation in 
order to realise the positive sum solution.   
With regards to the structure of government under ecological modernisation, a process of 
internalisation of environmental considerations is introduced into all sectors thus 
illustrating the transformation rather than radical restructuring of government institutions.  
The aim is to produce integrated policies whilst also improving the environmental 
performance of government operations by internalising environmental values and 
objectives into every sector of the state apparatus (Lundqvist, 2000).   
 
 
4.5. Economic Instruments as Tools for Ecological Modernisation    
 
Economic instruments are proposed by ecological modernisers as appropriate tools that 
can “affect costs and values of decisions involving burdens on natural resources and the 
environment” (Lundqvist, 2000:3).  By imposing a tax or charge on the environmentally 
damaging activity, such instruments provide an incentive for the targeted group to seek 
ways through which they can minimise their financial burden and in theory this leads to 
technical, technological change and innovation, involving cleaner production methods 
and technology.  Thus, economic instruments are popular tools of ecological modernisers 
as, by stimulating the process of innovation within industry, they perform the core 
function whereby industry is transformed and steered onto a more environmentally benign 
trajectory, whilst economic growth continues as a result of the new market in cleaner 
technologies.   
 
 
4.6. Ecological Modernisation as Strong or Weak Sustainability? 
 
Is it possible to assess ecological modernisation, in terms of strong and weak 
sustainability?  In theory it may seem plausible and appear useful to be able, through a 
critical assessment, to categorise the major strategies proposed by ecological modernisers 
into existing sustainability frameworks provided by scholars, in order to attempt to gain a 
further insight into the potential of ecological modernisation to achieve sustainability.  In 
reality, however, ecological modernisation cannot be pigeonholed in such a rational 
manner as being an exponent of either weak or strong sustainability, since it contains 
features from both (Young, 2000).  It advocates innovative approaches to production, in 
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order to remove pollution at source, and emphasises the importance of environmentally 
benign products, including ecologically responsible sourcing of raw materials and the use 
of recycled materials.  It recognises the importance of conserving resources for future 
generations and for incorporating environmental concerns into decisions. All these 
elements are in keeping with a strong sustainability viewpoint.  In contrast, ecological 
modernisation does not give the environment the highest priority, and “it believes that 
where preserving critical natural capital conflicts with high economic priorities, the latter 
should come first” (Young, 2000:27), which is at odds with the strong sustainability 
understanding.  When compared with the radical stance on sustainability, ecological 
modernisation falls far short by insisting that the ecological crisis can be addressed 
through further economic growth and thereby the major economic and structural changes 
demanded by radical greens, become superfluous.  Why should such fundamental changes 
be made to the fabric of society if they are unnecessary?  In response, critics of ecological 
modernisation “foresee the co-option and neutralisation” of radical green demands 
(Gouldson et al, 1997:75) whereby governments have sought to pacify the radical 
elements within society by appearing to take the environmental problematique seriously, 
whereas in reality ecological modernisation is essentially a system-preserving strategy.  
Also, it relies greatly on technology and science to improve production processes,  
 
“Technological progress should not be retarded, but rather accelerated in 
order to achieve the switch to ecologically more-appropriate production and 
products.” (Jänicke et al, 2000: 134)  
 
Certainly more radical elements within society would counter that such an approach to 
environmental policy only serves to reinforce those institutional principles that were 
responsible for generating the environmental crisis in the first place, be they efficiency, 
technological innovation or techno-scientific management (Hajer, 1996). Also, since 
ecological modernisation stresses efficiency, rather than limiting consumption, the 
question of how much economic growth is really sustainable is not brought into question. 
The assumption is that decoupling is possible, but even proponents of ecological 
modernisation have doubts as to whether it can be complete.  Here it is necessary to turn 
to Daly and ecological economics for an explanation.  Daly (1999:70) proposes the 
“steady-state economy”, whereby only qualitative growth in the economy can proceed, 
realising that quantitative economic growth must, at some point in time, reach a limit 
imposed by the physical constraints of the ecosystem, characterised by its capacity to 
regenerate resources and absorb waste at sustainable rates.  This concept recognises the 
finite capacity of ecosystems to absorb waste and pollution generated by the activity of 
humans.  It is this overloading that has become the biggest threat to the ability of natural 
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ecosystems to self-regulate, resulting in a breakdown in their life-supportive functions, 
which manifests itself in a variety of ways such as the disruption of the global climate.  It 
certainly seems possible that such a quantitative limit to economic growth has already 
been surpassed.  Such a limit would represent the optimal scale of the economy and 
therefore once such a point is exceeded, any further growth is considered to be 
“uneconomic growth” in that society actually becomes worse off as a result of the 
ecologically negative impact (Daly, 1999:3).  In this way ecological modernisers attest to 
the fact that capitalism can, and indeed must, become ecologically sound through 
adapting to ecological constraints, its inherent drive pushing qualitative economic growth 
as opposed to quantitative.  Qualitative improvement is, for example, illustrated by the 
policies aimed at dematerialisation through the transformation of the macro-economy 
towards the service and knowledge sectors and the use of economic instruments to 
stimulate the adoption of environmental considerations at the level of the firm through 
technical, technological change and innovation. 
  
This then initiates the fundamental debate between ecological modernisers and their 
opponents as to the underlying cause of the ecological crisis.  Ecological modernisers 
attest to the fact that it is industrialism that is the generator of environmental degradation 
rather than capitalism, as claimed by their opponents.  Capitalism, according to radical 
greens, is a structural cause of environmental destruction and they argue that it is 
inherently unsustainable, in that it’s productive drive means that it requires continuous 
growth to survive.  However, infinite growth of the economy within the finite eco-system 
is impossible.  This then is dependent on the view that the economy is a subsystem of the 
ecosystem upon which it depends.  Proponents of ecological modernisation, however, 
share this belief that the economy is a sub-system of the larger supporting eco-system, 
which must impose physical constraints on the size of the economy.  What is proposed is 
that capitalism can be adapted to the ecological crisis and furthermore, that it is currently 
undergoing such a transformation due to the expanding ecological rationality, which is 
gradually pervading through society.  Such a view suggests that capitalism can be 
reconciled with environmentally sound consumption and production.  This implies the 
transformation of the economy, which will involve society moving to a post-industrial 
age, as opposed to the fundamental replacement of capitalism by another mode of 
production.  Dematerialisation is therefore the key, recognising that increases in economic 
growth entails the greater production of goods and services, which previously has been 
coupled to an increase in resource exploitation and an increase in industrial pollutants 
(Sachs et al, 1998).  Through reducing the material throughput of the economy by drastic 
improvements in efficiency, which are greater than the ecologically negative impacts of 
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qualitative growth, it is hoped that sustainable development will be achieved.  Eco-
efficiency essentially involves the satisfying of human needs whilst ecological impacts 
are progressively reduced to a “level at least in line with the Earth’s estimated carrying 
capacity” (OECD, 1998).  By respecting the environmental limits on quantitative growth 
(ever increasing output), imposed by ecological carrying capacities of the ecosystems, 
subsequent development will by definition be environmentally sustainable.   
 
 
4.7. Ecological Modernisation a Path to Sustainable Development? 
 
The discourse of ecological modernisation, in its practical form as a programme for 
governments to respond to the environmental crisis, and the strategies favoured by 
sustainable development are often merged, despite the fact that there exists a marked 
difference between them (Langhelle, 2000).  Both concepts positively link economic 
growth, social welfare and environmental sustainability, whilst similarities also exist 
within the strategies proposed.  Both sustainable development and ecological 
modernisation identify the importance of influencing technology in order to solve 
environmental problems, along with the integration of environmental criteria into every 
sector of society, the use of new policy instruments and the need to increase the eco-
efficiency of industry (ibid, 2000).  However, the difference between the concepts lies in 
their scale and scope.  
 
Essentially ecological modernisation relates to the industrialised countries of the north 
and prescribes a policy approach aimed at the reduction of energy and material flows and 
increased eco-efficiency.  Therefore, with regards to both the scale and scope of the 
concept, ecological modernisation is aimed specifically at environmental sustainability 
within the industrialised countries and to this end, targets a specific set of local and 
regional environmental problems, which are amenable to the eco-modernist approach, 
such as ground and surface water pollution and acid rain (Mol et al in Langhelle, 2000).   
 
In contrast, sustainable development asserts that global environmental problems, such as 
global warming and the loss of biodiversity are problems, which emphasise the 
ecological-interdependence of states, thus leading to the conclusion reached by the IPPC 
(Working Group III, 1996:97) that they cannot be solved by the industrialised countries 
alone,  
 
“It is not possible for the rich countries to control climate change through the 
next century by their own actions alone, however drastic.” 
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Furthermore, whilst sustainable development certainly requires environmental 
sustainability, the environment is only one of the two core themes underpinning the 
concept, social justice being the second.  Indeed, social justice, both within and between 
generations, is identified as being the most important objective for development and is 
referred to as the meeting of needs, specifically the eradication of global poverty.   
The particular set of policies favoured by ecological modernisers, however, relate to the 
improvement of the environment within the industrialised countries of the north, and 
provide no framework for the establishment of policies targeted at global environmental, 
developmental or distributional problems.  The dominance of ecological modernisation 
has led to the decoupling of what were originally identified as two interlinked problems 
stemming from a common cause, development and environmental degradation, with 
ecological modernisation providing managerial solutions to the problem of environmental 
damage rather than attempting to tackle global poverty or inequality, the latter being 
issues much more political and more difficult to subject to a technical or managerial 
solution (Adams, 2001).  This ignores the widely held belief of greens that environmental 
decay in the third world is a symptom of their social, political and economic difficulties.  
Clearly, this illustrates the limitations of the overall strategy of ecological modernisation 
with regards to the achievement of sustainability as defined by the Brundtland 
Commission.  Ecological modernisation can be seen as a necessary strategy to reduce the 
over-consumption patterns of industrialised countries, which has also been identified as 
being a contributing factor to environmental decline in under-developed countries, but on 
its own it is not sufficient to fulfil the criteria for sustainable development.       
 
 
4.8. Ecological Modernisation: an Optimistic Reading 
 
What has been the environmental effect of ecological modernisation to date?  Bearing in 
mind the limited scope of ecological modernisation, is it possible to assess the 
environmental effectiveness of eco-modernist policies within the industrialised countries 
of the north to which they relate?  According to the Dobris report (Stanners et al, 2001), 
which assessed the state of the environment within the European Union, urban air quality 
is a continuing problem, soil erosion is increasing, many plant and animal species groups 
are currently declining and threatened with extinction, 21 per cent of Europe's 12,500 
higher plant species are threatened whilst 27 species have actually become extinct and 
waste generation has increased in all European countries.  These are just a handful of 
statistics taken from the report, the majority of which highlights the fact that currently 
enough is not being done in the pursuance of sustainability, a conclusion already reached 
by Gouldson and Murphy (1997) who state that,  
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“Any Ecological modernisation that has occurred so far has not been on a 
sufficient scale to back up the claims of its advocates that it offers a genuine 
escape from the environmental problem.”  
 
However, considering the scale of the problem, which according to Hajer (1995:3) is the 
result of an “omission in the workings of the institutions of modern society”, which has 
been developing with this omission during two centuries of industrialisation, and the short 
timescale during which ecomodernist policies have been implemented, some ten years, 
perhaps it is not surprising that environmental degradation has not yet been appreciably 
reduced. 
Whilst the ecological modernisation approach can be said to be limited in scope, as 
discussed above, it is nevertheless perhaps one of the best ways of approaching a 
discussion regarding the relationship between production, consumption and the 
environment in the industrialised countries (Murphy, 2001).  When comparing ecological 
modernisation and sustainable development, Dryzek (1997) contrasts the lack of concrete 
proposals provided by the World Commission to facilitate a move towards sustainable 
development with the sharper focus of ecomodernist policies aimed at ecologically 
transforming the capitalist political economy.  Besides, a number of authors (Andersen, 
1994, Sachs, 1998) stress the need to address the vast over-consumption of resources 
within the industrialised countries of the North, as a necessary step towards global 
sustainable development.  This is in recognition of the fact that it is the 20% of the world 
population in the North that causes 80% of the damage to the climate, that the North has 
the technical and financial capacity necessary to formulate effective solutions and that it 
is the North that after two centuries of anti-ecological development, has the responsibility 
to provide an alternative role-model for the developing countries (Sachs, 1998).  With this 
endorsement, on a practical level ecological modernisation as a programme for 
governments provides a strategic framework whereby environmental criteria can be 
integrated into every sector of the economy and, through policies aimed at increasing the 
ecological efficiency of industry, it can lead to a dramatic dematerialisation of the 
economy.  Furthermore, by respecting ecological constraints, the ecomodernist approach 
is aimed at ensuring that future development within the industrialised countries is 
sustainable.  The concept of institutional learning provides an explanation by which the 
ecological adaptations within society can be understood.  Hajer (1996:250), himself an 
opponent of ecological modernisation, acknowledges its influence when stating, 
 
“Ecological modernisation has produced a real change in thinking about 
nature and society and in the conceptualisation of environmental problems in 
the circles of government and industry” 
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He then continues by accepting that environmental considerations, guided by 
ecomodernist concepts, have moved from the periphery to a central position with regards 
to decision-making within both governmental institutions and industry on a global level, 
something that was considered to be no more than an abstract notion at the start of the 
1980s and even that it has produced a “new ethics” which views as illegitimate the 
“straightforward exploitation of nature” (ibid, 1996:250).  He also concedes the point that 
there have been some “marked successes” in a number of areas, despite countering this by 
observing that it is difficult to attribute such changes as being the result of ecological 
modernisation (Hajer, 1996:250).  In this way Hajer seems to confirm the conclusion 
reached by Spaargaren et al (2000:35) that, 
 
“Radical proposals for environmental improvement do not automatically 
entail radical societal change in the sense promoted by eco-centrists”     
 
The evidence provided by Hajer in 1996, of the transformations taking place within 
society, has all occurred within the “existing boundaries set by the current institutional 
order” (Spaargaren et al, 2000:35).  This then provides a basis for optimism in the 
capacity of ecological modernisation to effectively provide solutions to the ecological 
crisis and leads one to select, from the definitions of ecological modernisation provided 
by Hajer, as it being the result of institutional learning, which presumably if true is a 
continuous process resulting in the progressive adaptation of modern institutions to the 
challenges posed by the ecological crisis. Further evidence of institutional learning, 
occurring since 1996, is provided by the notable and accelerating increase in the diffusion 
of ecological tax reform within the EU, and the moves by a number of OECD countries to 
internalise environmental values and objectives into every sector of the state apparatus by 
improving the environmental performance of government operations, procurement and 
investment policies, and decision-making processes.  Also a number of countries, such as 
the Netherlands, have actually witnessed a de-coupling of economic growth and resource 
consumption and environmental degradation (RIVM, 2002a) and therefore maybe the 
following question posed by Hajer should be answered in the affirmative, 
   
 “Should the ecological question be understood as the successor of the social 
question and ecological modernisation as the new manifestation of 
progressive politics?” 
 
 
To summarise, one of the interpretations of ecological modernisation as a social theory 
suggests that it is a process of institutional learning in the face of the ecological crisis.  
This optimistic point of view attests to the fact that the ecological crisis can be addressed 
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through a transformation of the institutions of modernity, rather than their complete 
restructuring.  Thus, the ecomodernist programme of action towards sustainable 
development focuses on over-consumption in the North and seeks to overcome this 
through policy aimed at spurring environmentally beneficial technology and innovation in 
order to reduce consumption and steer industrial sectors onto more sustainable 
development trajectories.  Amongst the tools favoured by ecomodernists are economic 
instruments, which have been accredited with the potential for performing this technology 
steering role.  Therefore, the following chapter is concerned with the theoretical and 
practical application of these instruments. 
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 5. The Theory of Economic Instruments 
 
 
 
5.1. Introduction 
 
The acceptance of ecomodernist principles for the guidance of government environmental 
policies amongst western countries has furthered the development of the discipline of 
environmental economics.  Economists had long claimed that environmental degradation 
was a result of economic actors imposing external costs upon society in the form of 
pollution.  They identified a failure in the market to include the environmental cost in the 
production process, which led to the over-exploitation of nature as a free resource.  The 
fundamental concept underpinning the discipline involves attaching a price to polluting 
activities, thereby internalising the social costs and making the polluter pay.  The 
application of a tax on the polluting activity then serves to both highlight and impose a 
monetary cost to the environmentally damaging consequences of people’s actions.   
The economic model assumes a rational, profit maximising individual whom, when faced 
with the additional cost imposed on a polluting activity, will modify behaviour to 
economise on the use of natural resources.  Assuming that the charge levied on each unit 
of pollution provides a sufficiently high economic incentive, such changes in behaviour 
amongst targeted actors will take the form of environmentally beneficial technical 
(improved management practices), technological change and innovation as a means to 
reduce the tax burden. Therefore the role of taxes or charges as a spur for technical, 
technological change within targeted firms, which minimise pollution and resource use, is 
seen as central in shifting industrial sectors onto more environmentally benign 
trajectories.  There is also the potential for taxes to act as signposts in raising awareness 
amongst target groups of the environmental consequences of their actions, and thus the 
role they may play in contributing to a change in attitude and behaviour and thus in 
lifestyles and consumption patterns.  Through this mechanism it is suggested that the aim 
of the ecomodernist approach, to integrate environmental considerations throughout the 
institutions of modern-day society, can be achieved.   
Environmental economics also formulates the concept of carrying capacities, which 
relates to the ability of ecosystems to assimilate the waste products of society up to a 
critical point, which once exceeded leads to irreversibilities and the failure of the life-
supportive functions of ecosystems.  Such carrying capacities should then translate into 
ecological constraints on the economy.  The adoption of cleaner techniques and 
technologies within industries, the integration of environmental considerations throughout 
the institutions of society and the establishment of carrying capacities are, according to 
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ecomodernists, considered necessary in order that continued development within the 
industrialised countries is environmentally sustainable. 
 
 
5.2. Traditional Approaches to Environmental Management 
 
Previously, attempts to tackle environmental damage employed various command-and-
control measures, which set ambient, emission or technology targets and which imposed 
penalties if such standards were not met (Sprenger, 2001).  However, by the beginning of 
the 1980s the effectiveness of command-and-control policies was in serious doubt due to 
various regulatory failures, which can be broadly categorised as economic inefficiency, 
environmental ineffectiveness and democratic illegitimacy (Eckersley in Golub, 1998).  
The claim that command-and-control policies are inefficient results from the fact that 
such measures impose a uniform reduction level applicable to the target industries.  This 
is regardless of the differing pollution abatement costs that the various actors face.  This 
can result in “some firms regulating too much and others not enough” (Golub, 1998:3). 
Perhaps more importantly, regulations which implement static target levels for the 
reduction of pollution are said to impede any incentive to continuously reduce pollution 
levels, since the firm will only incur costs and competitive disadvantages if it were to 
continue pollution reduction once the target level is reached.  Furthermore, regulations 
can be difficult to enforce and costly to administer, as they require extensive monitoring 
programmes to ensure industry compliance.  Finally, command-and-control policies are 
said to lack democratic legitimacy due to the close links that can be formed between the 
regulatory body, responsible for identifying environmental problems, setting standard 
levels and their subsequent enforcement, and industry.  Such close links have excluded 
the general public and environmental interest groups from the decision-making process 
and have led to situations in which polluters have captured regulators, allowing them to 
reduce emission levels or even block proposed policies in line with their own economic 
interests (Golub, 1998). For these reasons, economic instruments have been gaining in 
popularity amongst policy makers as an alternative approach to environmental 
management.    
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5.3. Externalities and Price Signals 
 
Environmental economists such as Pearce (1993) argue that a major cause of the 
environmental damage that is so widespread today is due to the failure of the market to 
include the environmental cost in the price of goods and services and therefore to allocate 
resources in the best interest of society.  According to Coase (in Opschoor et al, 1994), 
this is due to the fact that individual property rights do not exist for common shared 
resources such as the air, the ozone layer, or the seas.  Indeed, it is impossible to assign 
property rights to such media, as they are inherently indivisible.  Such resources are 
common property, they are external to the market and hence they have no price attached.  
Scarcity of these environmental services does not raise their prices, because they have 
none, and therefore does not inhibit demand (Ayres, 1998).  This results in them being 
susceptible to over-use and consequently environmental decline occurs.  Certain natural 
resources, such as fossil fuels and timber, do have a price on the world market. However, 
even when subsidies, which lead to price distortions, are not taken into account, the 
market value of these commodities only takes into consideration the material and labour 
costs involved in producing the product. The environmental effects of the production and 
use of goods, such as air and water pollution, are not taken into account. The polluters 
have no incentive to voluntarily administer these ‘free’ resources and services efficiently 
and sustainably, as this would impose extra costs on themselves and diminish profits.  
The cost of rectifying the resulting environmental damage, known as an externality, is 
then often left to third parties.  More often than not, the public pays the price in explicit 
monetary terms such as payment for water treatment plants established for the removal of 
pollutants from groundwater. Further examples of negative externalities are the numerous 
health problems such as, respiratory illnesses that can result from air pollution, and 
increased skin cancer incidence due to the depleted ozone layer.  
Therefore, one solution calls for governments to intervene in order to correct such failures 
by ensuring that those who suffer the consequences of the damage, generally speaking the 
public, are compensated by the polluter who has gained from a transaction, which has not 
included the environmental costs.  This is commonly referred to as the ‘polluter pays 
principle.’  This principle is widely supported due to its normative basis, in that it forces 
producers or consumers to take account of the environmental implications of their actions.  
A tax or charge imposed on the polluting activity is one way in which it can be 
operationalised.  Such a tax, known as a Pigouvian tax, should then be set at a level that 
reflects the damage caused by the pollution, which is done by calculating the marginal 
damage at the optimal pollution level (Ayres, 1998).  This optimal pollution level is not 
zero, but rather a point at which the cost of reducing pollution any further outweighs the 
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environmental, social and economic benefit received (Pearce, 1993).  In theory the tax 
should then “induce polluters to automatically move to a socially optimal situation in 
terms of production and pollution abatement” (Opschoor et al, 1994:33).  
 
 
5.4. The Advantages of Economic Instruments 
 
The following section will provide a brief discussion of the theoretical advantages of the 
use of economic instruments over command-and-control policies for achieving 
environmental goals. Opschoor et al (1994:17) defines economic instruments as 
instruments that “Affect estimates of the costs and benefits of alternative actions open to 
economic agents.”  Through the provision of price signals, their effect is to alter 
behaviour, leading to an enhanced environmental state. Theoretically speaking, economic 
instruments promise greater flexibility, efficiency and effectiveness compared to the 
traditional command-and-control policies (Golub, 1998).  
An important explanation for the growing popularity of economic instruments over 
traditional methods can be said to be due to their cost-effectiveness in tackling 
environmental problems.  Amongst individual firms who find themselves the target of 
such instruments, a tax or charge levied on pollution will result in the marginal abatement 
costs being equalised amongst the firms and thereby, the total abatement costs across the 
industry are minimised.  Due to this ability of economic instruments to achieve 
environmental goals at a reduced cost, they are considered to have a great potential to 
decrease the dilemma of choosing between ecological and economic interests and present, 
in theory, a “viable short-cut on the road to sustainable development” (Bressers et al, 
2001:83).  
According to Opschoor et al (1994:95), “Economic instruments are capable of providing 
strong incentives for technological innovation and behavioural change.”  The charge, 
which is levied on each individual unit of pollution, provides a built-in continuous 
incentive for the targeted industry to reduce the pollution and hence the tax burden.  Von 
Weizsäcker and Jesinghaus (1992) differentiate between the short term and long term 
changes that may thus be generated in response to price increases as static (or immediate) 
elasticity and dynamic elasticity1.  Static elasticity, typified by the immediate effective 
changes in current practices, is held to be “systematically much lower than dynamic, long-
term elasticity” (ibid:27), which includes investment in increased-efficiency measures and 
equipment, and the development of more efficient products, equipment and systems, 
followed by investment in developing innovative alternatives that eliminate the use of the 
priced resource in question. The different stages of adjustment can overlap, and are 
predicted to occur over a number of decades. 
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This continuous incentive provided by economic instruments contrasts with command-
and-control measures, which implement a static pollution target level, which once reached 
provides no additional incentives for industry to continue efforts in pollution reduction in 
the form of the introduction of cleaner technologies and improved managerial practices.  
Economic instruments thus become a tool through which, in theory at least, economic and 
environmental goals can be integrated.  Here it is possible to see the potential synergistic 
effects of such policies.  Rather than environmental policies being seen as a brake on 
growth, economic instruments, through the built-in incentive provided by the levy, are 
considered to stimulate technological change and innovation and hence renewed 
economic growth through market opportunities in clean technologies etc, whilst at the 
same time achieving environmental goals through the improved environmental 
performance of the sector as a whole. 
This is very much in line with the discourse of ecological modernisation, proponents of 
which believe in the potential of the market (albeit with the aid of government 
intervention to correct market failures through the application of policies that internalise 
the external costs of pollution), to ‘perfectly green itself’.  A 1996 OECD report stated 
that the global market for environmental goods and services in the mid 1990s was US$ 
200-300 billion (In Adams, 2001:104), illustrating the plus-sum solution that ecological 
modernisation provides by both addressing the environmental problematique whilst 
stimulating further economic growth. 
Whilst economic instruments certainly provide a number of advantages over previous 
policies, they are not without their difficulties.  The following section will highlight some 
of the common problems encountered. 
 
5.5. Problems encountered with Economic Instruments 
 
Many difficulties are encountered when attempting to implement the theoretical 
Pigouvian tax model.  In order to apply a Pigouvian tax, it is necessary to value the 
damage done to the environment, in monetary terms, by the targeted pollution media.  
However, such a calculation requires accurate methods for valuing the environment, 
which is no easy task.  Such valuation methods can take the form of contingent valuation 
methods, such as willingness-to-pay or market-based valuation methods, such as the 
hedonic pricing method, based on property prices.  Whether such complex attempts to 
value environmental damage are possible, or are indeed necessary, for the design of 
economic instruments remains in doubt.  Indeed, according to Vatn et al (1995:20),  
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“Valuing (or pricing) of environmental goods and services is neither 
necessary nor sufficient for coherent and consistent choices about the 
environment.”   
 
Whilst working very well in theory, the Pigouvian tax solution has proven to be 
impracticable when attempts have been made to translate the theoretical model into actual 
policy (Opschoor et al, 1994).  As well as being unfeasible, such Neo-classical 
approaches miss the point when attempting to rely on monetary valuations of nature.  
Monetary valuations cannot, for example, adequately take into account the ecological 
damage in the case of irreversibilities, such as the extinction of species. Economic 
approaches, which are based on monetary evaluations, attempt to integrate the 
environment into the economic sphere when in reality the economy is part of the 
ecological system (Turner in Wallart, 1999).  Having established this fact it then becomes 
vital that in order for development to be sustainable, ecological systems must be 
preserved. Ecological systems have certain carrying capacities, which are biophysical 
limits on, for example, the amount of pollution that a river can assimilate. Once these 
limits are surpassed then the life-supportive functions of ecosystems breakdown and 
irreversibilities occur.  Therefore, such limits should be identified to ensure a “minimal 
stability of ecosystems” and become “binding criteria” for sustainable development 
(Wallart, 1999:65).  Threshold limits, once identified, can then be translated into 
acceptable pollution levels, which will not undermine the economy and will guarantee 
that a largely intact natural environment is passed on to future generations, essentially 
fulfilling the criteria for sustainable development by placing constraints on unsustainable 
economic activity.  In order to facilitate such a strategy it becomes necessary to define the 
various threshold limits within nature. However, this is also a complicated process.  Once 
defined, standards can be established and charges implemented in order to ensure that 
they are adhered to by setting a charge level that is above the abatement costs of 
individual firms.      
 
Economic instruments can be regressive, in that they can impose “relatively higher 
percentage burdens for lower income households” (Opschoor et al, 1994:40).  For 
example, energy taxes are a case in point. These can be regressive as the relative impact 
of the charge varies between socio-economic groups and, in order for a charge to be 
effective, it has to be relatively high due to the inelastic demand for energy.  Situations in 
which the application of economic instruments has socially inequitable repercussions call 
for the design of complementary policies aimed at compensation.     
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Generally speaking theoretical models fail to consider the various institutional influences 
that can be exerted during the formulation process of a particular environmental policy.  
As Andersen (1994: 2) states,  
 
“Economic instruments are unlikely to be applied in practice under the strict 
conditions prevailing in economic textbooks, and that they would be distorted 
in the same way as regulations.”   
 
This failure is not a failure of the economic instrument per se but a failure of mainstream 
environmental economics to formulate an “appropriate theoretical understanding” of the 
practical policy implementation process, which in turn can lead to the inappropriate 
design of economic instruments in many ways.  Environmental economics theory 
assumes that policy-making involves a “process of choice for a single actor’s pursuit of 
maximum cost-effectiveness” (Bressers et al, 2001:79).  In reality the policy-making 
process is open to the influence of a number of different actors all pursuing their 
individual goals, of which cost-effectiveness may not be one, which can result in the less 
than optimal implementation of the instrument.  For example, according to an evaluation 
by Opschoor et al (In Andersen, 2001), the majority of emissions charges and taxes still 
seem to be designed mainly as revenue-generating tools for the general budget.  They do 
not reflect the levels suggested by economic theory to represent the actual damage caused 
to the environment because they were not designed with the final aim of altering the 
environmentally damaging behaviour in the first place.  The lucrative potential of such 
policies has not escaped governments.  A reoccurring problem involves the charge being 
levied at a lower rate than the pollution abatement costs, thereby creating a situation in 
which it becomes cheaper for the targeted industry to simply pay the tax.  In such cases, 
environmental taxes have been used by governments primarily to increase fiscal reserves, 
with any environmentally beneficial effects of the instrument providing a secondary 
function. In order to increase the likelihood of economic instruments being 
environmentally effective, the price signal provided must be sufficiently high so as to 
provide a strong monetary incentive to industry to continuously reduce pollution levels.  
This situation then creates the theoretical scenario in which it ‘pays’ industry to 
implement cleaner technologies and improved management practices.   
Further effects of the policy process on the final design of the instrument result from a 
general assumption that stringent environmental standards imposed on a particular 
industry in a particular country will automatically lead to the reduced competitiveness of 
that industry.  This can often lead to the regulatory authorities granting exemptions or 
reducing pollution level targets following pressure from industrial lobbying, thereby 
‘watering down’ the effectiveness of the instrument in achieving its environmental goals 
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(Andersen, 2001).  Therefore, a trade-off appears to take place between concerns about 
the competitiveness of industries and environmental issues.   
In summary, the theoretical design of economic instruments bears little resemblance to 
the fully-fledged operational instrument, which has undergone the policy making process.  
Environmental economists “assume an ideally designed instrument functioning within the 
confines of a well-functioning market” (Bressers et al, 2001:83) and ignore the myriad of 
different actors exerting their influence on the policy-making process, which can 
drastically alter the final effectiveness of such tools.  
 
 
5.6. Elasticities and Effectiveness 
 
As discussed above, economic instruments are believed to be capable of providing strong 
incentives for technological innovation and behavioural change (Opschoor et al 1994) due 
to the charge being levied on each unit of pollution, thus stimulating the targeted industry 
to continuously reduce the pollution and thereby their tax burden.  However, Opschoor et 
al (1994:36) then embark on a broad discussion of factors that can influence the eventual 
effectiveness of such instruments thus, 
 
“Economic instruments provide an incentive the significance of which 
depends on the elasticities that operate on behaviour (price elasticities, 
substitution elasticities, income elasticities), on the strength of the signal 
given (e.g. the level of the charge), and on the availability of substitutes or 
alternative actions.” 
 
As previously mentioned, the strength of the signal given often deviates from that 
suggested by environmental economists as a result of the policy making process, which 
can lead to a sub-optimal design.  More importantly in this context, what the discussion 
highlights is the role that various elasticities can have on the eventual effectiveness of the 
instrument.  For example, in the case of fertilisers, a report conducted for the European 
Commission investigating the effectiveness of a tax on fertilisers in Austria found that the 
price of fertilisers was inelastic which,  
 
“Confirms experience elsewhere which suggests that demand for fertiliser is 
relatively inelastic with respect to price, indicating that a tax on fertiliser on 
its own is not a very effective instrument to reduce the use of fertiliser.”  
(Ecotec, 2001b:131).   
 
Price inelasticity means that consumers of a particular product are relatively insensitive to 
increases in the price of that product, usually because it is not possible to substitute the 
product with one that can perform the same function.  Therefore, where charges or taxes 
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target inelastically demanded goods and services, there are limits to their capacity for 
providing incentives to industry to continuously reduce pollution levels and thereby to 
achieving the environmental goals.   
 
 
5.7. Technical, Technological Change and Innovation 
 
The theoretical model of taxes and charges, proposed by environmental economists 
assumes that prices are the only drivers of innovation, technical and technological change 
within firms and businesses (Hogg, 2001).  The assumption behind this belief is that other 
actors in the market do not influence firms and that firms act with the strict aim of profit 
maximisation.  Once again, economic theory provides an over-simplified model, which 
fails to recognise the contextual complexity of the situation and is the result of “simple 
deductive reasoning with little connection to the real world” (Kemp, 1997).  For example, 
Wallart (1999:49) uses a theoretical example to explain how an implemented tax on 
pollution results in a hypothetical firm having to pay a tax on their emissions above a 
determined level.  This hypothetical firm is able, through technological innovation, to 
reduce the pollution abatement cost and, 
 
“Therefore, they engage in research and development activities… this allows 
them to further reduce their emissions and therefore to pay a smaller tax 
amount.”  
 
Whereas, according to the logic of economic theory, such taxes certainly do encourage 
technological progress, in practice it is not so straightforward.  Environmental economics 
would suggest that the strength of the price signal provided is the sole determining factor 
in the degree of technological change or innovation undertaken by firms whereas, in 
reality, a number of other important factors exist that can shape a company’s response to 
a particular instrument (Hogg, 2001).  This is an important point, since if it were as 
straightforward as environmental economic theory would suggest, the economic 
instruments could be expected to generate a powerful incentive effect leading to technical 
and technological change and innovation, providing they were designed with an 
appropriately high charge level.  If so, they would indeed be powerful tools of ecological 
modernisation, spurring economic growth through innovation leading to new industrial 
sectors producing clean technologies, which in turn have environmental benefits.  
Regrettably, institutional factors may firstly undermine the effectiveness of the incentive 
effect of the charge to change research and development (R&D) pathways.  Initially, such 
pathways are created by the tools and concepts employed by researchers, which in turn 
are a result of their education and secondly, by the culture of the organisation for which 
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they work.  These embedded institutions are not easily transformed (Hogg, 2001).  
Moreover, the rate of technical and technological change (i.e. the rate at which they adopt 
existing techniques and technologies) that occurs within a firm, is also influenced by a 
variety of factors such as the availability of information concerning the technologies 
concerned, and the respective ability and/or willingness of firms to access the 
information, coupled with the ability and/or willingness for firms to assess its 
significance. A further consideration concerns the extent to which the useful technologies 
require new management or workforce skills and the ability and willingness of the 
company to access or provide them (Hogg, 2001).  The incentive to adopt existing 
techniques and technologies is also dependant on the overall cost represented by the 
pollution charge relative to other cost sectors such as employment within targeted firms. 
Traditionally, firms look to large expenditure cost sectors when seeking to economise and 
frequently the costs imposed by pollution charges are relatively small and therefore they 
do not always provide the assumed incentive effects to innovate and change behaviour. 
For example, substantial effects generated by effluent charges (Georg and Jorgensen in 
Opschoor et al, 1994) may be limited to those firms with a significant waste load, the 
extent to which illegal dumping can be prevented, and the extent to which charges can be 
designed to stimulate innovation in the appropriate direction.  Coupled with this previous 
point, and once again affecting the potential of the instrument is the seniority of the 
management dealing with the cost element affected by the tax (Hogg, 2001) and thus their 
relative capability to ensure that the firm responds appropriately.  In the light of the above 
discussion it becomes apparent that the incentives provided by economic instruments are 
not solely determined by the relative strength of the charge.  Therefore, such stimulatory 
effects will differ amongst instruments according to the individual contextual 
circumstances.   
 
Kemp (2001) highlights the importance of innovation with regards to sustainable 
development thus, 
 
“The accumulation of stock pollutants and the ever-increasing scale of 
economic activity, undoing environmental improvements per unit of output, 
call for system innovation.” 
 
To date, environmental policy has been unsuccessful in generating the deeper behavioural 
changes and technical, technological change and innovation required for sustainable 
development.  It is clear that the present trajectories of a number of important industries 
including agriculture and energy are unsustainable.  As previously discussed, economic 
instruments are perceived to have great potential to act as spurs for innovation in 
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particular environmentally beneficial pathways, but the ability of economic instruments 
acting alone to change such pathways has once again been attributed to the monetary 
incentives provided by the charge, whereas in reality the situation is more complex.  
According to Opschoor et al (1994) firms can become ‘locked’ into a particular 
production process, reducing the ability of management to introduce major innovatory 
changes thus producing an unexpected inelastic response to a charge. To take European 
agriculture as an example, production methods are locked into a particularly intensive use 
of the land with a reliance on the application of high levels of artificial fertilisers.  Such a 
situation is the result of years of agricultural policy designed to raise yields, in itself 
highly problematic to restructure but made even more difficult by the resistance of 
powerful agro-chemical and farmer lobby groups.  Isherwood (2000:13) seems to focus 
more on the benefits of agricultural policy to date, indicating that the termination of the 
technical advances made in artificial fertilisers would return Europe to a situation 
comparable to 19th century France, before such advances begun, when, “Prosperity, 
misery, life or death depended on a good harvest.”  Yet, what would the yield of 
alternative agriculture be today if research had followed a completely different pathway?    
 
 
5.8. The Role of Economic Instruments in Sustainability 
 
There is no strict rule defining whether the use of policy tools, such as economic 
instruments, typifies a strong or weak sustainability. Environmental economics, of which 
policy tools such as economic instruments are part, is often designated as ‘weak 
sustainability’ since it attempts to give a monetary value to nature, and thus limits 
considerations to merely economic ones. In this context, tools such as cost-benefit 
analysis and environmental impact assessments are used in the decision-making process, 
in order to weigh the environmental pros and cons relative to economic development, and 
thus determine which course of action is most profitable, which is reminiscent of the 
anthropocentric philosophy. However, in order to stimulate changes in production and 
consumption patterns, as required by a strong approach, “legal, economic and fiscal 
instruments are advocated”. Economic instruments, such as pollution taxes and charges, 
attempt to give a monetary value to damage, and although these imposed costs may not 
reflect the true value of the damage, their power lies in the possibility of influencing 
corporate decision-making by putting environmental costs into the picture. Thus, “While 
playing a role in both the weak and strong approaches to sustainable development, the use 
of policy instruments is particularly important for the strong approach” (Baker et al, 
1997:15).  The value of taxes or charges for aiding a transition to a more sustainable 
Dynamic Effects                                                                                          Christina Mallia and Stuart Wright 
 43
society is greatly increased when the standard implemented reflects specific scientifically 
determined ecosystem carrying capacities.  
 
In summary, economic instruments in theory provide some important advantages over 
traditional methods of pollution control.  However in practice this potential becomes 
diluted with its exposure to the ‘real world’.  Environmental economists have been guilty 
of exaggerating the effectiveness of such instruments, basing their conclusions on a 
“pricist view of the influences upon firm behaviour” (Hogg, 2001:190).  The more 
traditional policies generally referred to as command-and-control, in fact, provide a 
number of advantages of their own above fiscal instruments.  The most successful 
strategies seem to consist of a mix of various mutually supportive policies aimed at the 
provision of information and advice to increase the responsiveness of targeted actors of 
which economic instruments play a part in creating incentive effects to varying degrees of 
success and to act as a signpost to raise awareness of the environmentally polluting 
activity.     
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Introduction to Case Studies 
 
The following two chapters will provide a description and analysis of the two case studies 
selected to research the problem formulation, namely the Swedish charge on NOx 
emissions from energy production and the Dutch MINeral Accounting System targeting 
agricultural mineral surpluses in the Netherlands.  
The individual case study chapters provide a rationale for selection of the economic 
instrument, as well as the background to the policy area, including details of the 
environmental problem that the respective instruments are designed to address.  
International regulations and agreements that have a bearing on the policies are included.  
The assessment of the economic instruments deals with their design and effectiveness in 
achieving policy objectives and also environmental effectiveness.  Finally, the case 
studies are compared and contrasted in the final chapter, the conclusion, in which the 
design elements of each instrument that were fundamental to their success are explored.  
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 6. The Swedish Charge on Nitrogen Oxides Emissions 
 
 
 
6.1. Rationale for Selection  
 
The recent assertion from the Swedish Ministry of the Environment that “Sweden must 
pioneer efforts to achieve ecologically sustainable development” (2001a:5) underscores 
the importance Sweden accords its position as a recognized leader in environmental 
policy, on both national and international levels.  Sweden was a key initiator of the 1972 
United Nations Conference on the Human Environment in Stockholm.  One of the main 
aims of this conference was to put the issue of acid rain on the international agenda.  
Acidification is still a matter of great importance in Sweden, where it is considered to be 
“one of the, if not the major environmental problem” (Kahn, 1996:1132).   
Given Sweden’s experience and history regarding the issue, it was expected that the 
measures taken within the country to address the problem of acid rain would be well 
designed. The Swedish charge on nitrogen oxide (NOx) emissions from energy production 
tackles one of the main constituents of acid rain, and furthermore, it satisfies the 
following selection criteria: 
 
? A significant reduction in the target group’s emissions was achieved. 
? The charge has been implemented for over a decade, so that sufficient data is 
available. 
? The charge was designed specifically with the intention of generating a powerful 
incentive effect on the target group.  Therefore, it was considered that a 
correspondingly substantial response from the target group might have resulted.  
 
The combination of all these factors indicate that the Swedish charge on NOx emissions 
may indeed be a well-designed instrument, the study of which it was considered would 
enable an assessment of the potential of economic instruments to generate technical, 
technological change and innovation.   
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6.2. Background to the Case Study 
 
 
6.2.1. The Environmental Problem 
 
The Swedish charge on NOx emissions from energy production was implemented against 
the background of the acid rain issue.  Nitrogen Oxides and Sulphur Dioxide are the main 
constituents of acid rain, which has been a major environmental concern since the 1980s. 
Nitric Oxide (NO) is formed during combustion due to the nitrogen content of fuels. In 
addition, atmospheric nitrogen and oxygen react at high temperatures (>1400oC) to 
produce NO.  In the presence of excess oxygen, Nitrogen Dioxide (NO2) is then formed.  
Thus, the combustion of fossil fuels, in power production and transport, is bound to give 
rise to NO and NO2, which are collectively referred to as Nitrogen Oxides (NOx).  NOx 
and SO2 (a combustion product of sulphur-containing fuels) are gradually oxidised in the 
atmosphere to form sulphate and nitrate ions, which are more soluble and give rise to the 
formation of acid rain.  NOx and SO2 can also be deposited directly from the atmosphere; 
this is referred to as dry deposition, whereas nitrogen and sulphur deposition from acid 
rain is referred to as wet deposition.  
Acid rain has a weathering effect on buildings and structures above ground, as well as 
corrosive effects on underground systems due to the increased acidity of the ground 
water. Where the acidification from deposition cannot be neutralised by existing reserves 
of mineral elements, the detrimental effects on eco-systems can include reductions in the 
bio-diversity, weakening of plants’ and trees’ resistance to disease, and the depletion of 
the flora and fauna of the waterways.  
Sweden’s environment is particularly sensitive to acidification due to the granite bedrock 
covering most of the country, which gives rise to slow-weathering soils that are only 
capable of neutralising a low acid supply.  The economic costs due to acidification are 
diverse and include reduced catches of fish and crayfish, corrosion of water mains and 
underground cables, acidified drinking water, and corrosion of buildings, monuments, and 
metal and concrete structures.  Billions of Swedish kroner are spent annually maintaining 
corroded structures, treating acidified drinking water, liming lakes and watercourses, and 
conducting trials on acidified forest soils (SEPA, 1995).  
Apart from increasing acidity, the deposition of nitrogen also contributes to changes in 
vegetation, by creating favourable conditions for high-nutrient-input species (such as 
grasses), and to eutrophication, due to an excess of plant nutrients in waterways.  The 
deposition of airborne Nitrogen is a significant source of nitrogen input to waters in 
Sweden: it was estimated to amount to 30% of the total nitrogen input to the Baltic Sea at 
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the beginning of the 1990s (Swedish Ministry of the Environment, 1991 in OECD, 
1997:43). 
NOx also contributes to the formation of ground-level ozone, which causes and intensifies 
respiratory diseases, and increases the risk of respiratory or heart failure.  It also has 
detrimental effects on plant life, including many crops varieties, and materials (such as 
plastics, metals, and limestone) due to its strong oxidising effect. 
The concept of critical loads has been developed in connection with acidification. The 
critical load is the estimated quantity of a substance, or substances, that a particular eco-
system can tolerate without any adverse effects.  The ability of an eco-system to 
neutralise acidity is dependent on the mineral composition and ‘weathering’ capability 
of the soils and rocks, whereas the repercussions of increased acidity will vary 
depending on the vegetation and organisms present.  The critical level refers to the 
concentration of a pollutant in the atmosphere above which direct adverse effects on 
human beings, eco-systems, or materials may occur.  The critical loads and levels are 
only estimates based on current knowledge, with the tendency to be set lower as 
“research methods improve and more data becomes available” (The Swedish NGO 
Secretariat on Acid Rain, 1998:2).   
The critical loads for Sweden, as defined by the Swedish Environmental Protection 
Agency (Swedish EPA) in its 1993 Strategy for Sustainable Development and “based on 
scientific assessments of what the natural environment can withstand” (SEPA 1995:33), 
are shown in Table 1.  
 
 
 
Deposition S 
Kg /km2 yr 
Deposition N 
Kg /km2 yr 
South Sweden (Götland)  300 500 
Central Sweden (Svealand) 250 400 
North Sweden (Norrland) 250 300 
 
 
Table 1. Critical Loads for Sweden (Data source:  SEPA, 1995) 
 
For comparison, the Nitrogen and Sulphur deposition (wet and dry) in 1996 are shown in 
Figure 1.  As can be seen, Nitrogen deposition is especially high in the South of Sweden, 
where levels of 1800 mg/m2 were noted3, exceeding the critical load many times over.   
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Figure 1. Sulphur and Nitrogen deposition (in mg/m2) in Sweden in 1996 (Source: Swedish 
Meteorological and Hydrological Institute, in SEPA4) 
 
Although various measures have been taken to limit the emissions of these pollutants, the 
critical load of acidification has been exceeded many times over throughout various parts 
of Europe, especially in Northern Europe.  It was estimated that with current reduction 
rates it would take at least thirty years for acidification in Sweden to be reduced below the 
critical loads, and a very long time thereafter for soils to recover (SEPA, 1995:38).  
 
 
6.2.2. International Protocols, EU Directives and the Swedish NOx charge 
 
The transboundary nature of acid rain requires international efforts and agreements in 
order that it is dealt with effectively - a characteristic of many current environmental 
issues.  This can be exemplified by the fact that most of the airborne nitrogen in Sweden 
comes from outside sources: only 10-20% of acid pollutants were estimated to originate 
within Sweden in 1995 (SEPA, 1995: 33).   
The problem of acid rain was first noticed in the Scandinavian countries, and after much 
insistence, diplomacy and initiatives, such as the 1972 United Nations Conference on the 
Human Environment in Stockholm, the affected countries, most notably Sweden, 
managed to place the issue on the international agenda.  The concrete result of these 
discussions was the UNECE’s5 Convention on Long-Range Transboundary Air Pollution 
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(LRTAPC), also known as the Geneva Convention.  This convention was signed in 1979 
by 34 countries and the EC6.   The convention itself did not contain any specific targets 
for emissions, due to the opposition by the United States, the United Kingdom, and West 
Germany (Haigh, 1991).  In fact, the first protocol under this convention, which has 
specific targets, was the 1985 Helsinki Protocol on the Reduction of Sulphur Emissions, 
which aimed to reduce SO2 emissions by 30% (compared to 1980 levels) by 1993.  This 
was followed by the1988 Sofia protocol on Nitrogen Oxide (NOx) emissions, which 
sought to stabilise nitrogen oxide emissions at 1987 levels. Some countries, including 
Sweden, committed themselves to achieving reductions of 30% by 1998 (with baseline 
years varying from 1980 and 1986)7.   
A chief factor in the ‘turn-around’ for acid rain policy, and the agreement to achieve 
specific reductions (as typified in the 1985 Helsinki Protocol), was “when the West 
German government changed its position in 1982 from passive resistance to enthusiastic 
support for a policy of significant reduction in emissions” (Haigh, 1991:6), as a result of 
the discovery that acid rain had significant local repercussions.  The occurrence of Forest 
death (‘Waldsterben’) in ‘clean air areas’ such as the Black Forest was largely attributed 
by scientific studies to acid rain, and the protection of German forests became a political 
issue which had public and hence also governmental support; as a result, opposition for 
national anti-pollution measures from industry and within the government waned.  Within 
the European Union, this turn-around also meant increased efforts by Germany to push 
for EU legislation on emissions similar to its national legislation, not only for 
environmental reasons, but also to harmonise the regulations across the EU and reduce 
barriers to trade (SEI, 1999), eventually translating into the Large Combustion Plant 
Directive 88/609 (LCPD) (European Union, 1988).   
The LCPD was a daughter directive to the Air Framework Directive (84/360/EEC), which 
introduced the concept of ‘best available technology not entailing excessive costs’ 
(BATNEEC) into EU legislation (Eames, 2000). The LCPD targeted a major source of 
pollution:  the plants in question (of thermal capacity of at least 50MW) were estimated to 
be the source of 80% of SO2 and 40% of NOx emissions within the EC in 1980 (EEB et 
al, 1998).  The directive was finally adopted in 1988 and had an overall target of 58% 
reduction of SO2 by 2003 and 40% reduction of NOx by 1998 (compared to 1980 levels), 
with individual targets for the different member states.  However, although the LCPD set 
specific emission limits for new plants (differentiated by size and fuel type), it only 
stipulated national emission ceilings for existing8 plants, leaving it up to the national 
governments to decide how best to achieve emission reductions (Eames, 2000).  
Sweden’s target for NOx emissions from the targeted plants was a ceiling of 19 kilo-
tonnes/year by 1998, entailing a reduction of 40% from the 1980 levels.   
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At around the same time, measures were being taken at national levels in a number of 
countries, including Sweden.  Despite the fact that the majority of Sweden’s acidification 
originates from outside sources, in 1985 the Swedish Parliament decided that the airborne 
emissions of nitrogen oxides had to be reduced by 30% by 1995, compared with 1980 
levels; the same target that would later be incorporated into the Sofia Protocol, albeit with 
a deferral of three years.  The Swedish charge on NOx emissions from energy production 
was implemented in 1992 and formed “part of a major tax reform which shifted about 18 
billion SEK from labour taxes to environmental taxes, energy taxes and VAT on energy” 
(Nordic Council of Ministers, 1999:133).  The taxes and charges were based on proposals 
presented in 1989 by the Swedish Environmental Charge Commission (SECC), after 
studying the effects of an ecological tax reform on the environment, competitiveness, 
employment, resource efficiency and tax revenue (EEA, 2000).  The SECC had been 
appointed in 1988 and given the specific task of analysing a wider use of economic 
instruments in conjunction with environmental policy.  The main aim of the NOx charge 
was to provide “an incentive for introducing nitrogen oxide reducing technology” and 
improving processes and controls (Nordic Council of Ministers, 1999:140).  A system of 
quantitative standards on NOx emissions, set by region and varying in level, strictness and 
design, has also been in place since 1988 (Höglund, 2000).  
In the last few years, critical loads, rather than mere “flat-rate reductions”, have been 
utilised to set emission reduction targets, using tools such as the RAINS9 model in Europe 
(Levy, 1995:61).  Higher emission targets have thus been defined at international level 
with the 1999 Gothenburg Protocol to Abate Acidification, Eutrophication and Ground-
level Ozone (United Nations, 1999), which seeks to cut NOx emissions by 41% by 2010, 
relative to 1990 levels.  The reduction levels required by the different signatory countries 
vary; e.g. Sweden has committed itself to emission reductions of 56% for NOx and 44% 
for SO2, whereas Germany has targets of 60% and 90%.  The EU has an overall reduction 
target of 49% (NOx) and 75% (SO2)10.  The associated EU Directive 2001/81/EC on 
National Emission Ceilings for acidifying and ozone-forming air pollutants (European 
Union, 2001a) aims to reduce by at least 50% the areas where the critical load has been 
exceeded (compared to the 1990 situation) by 2010. National emissions ceilings (NECs) 
are set for SO2, NOx, Volatile Organic Compounds (VOCs) and ammonia (NH3); 
Sweden’s NEC for NOx is 148 kilo-tonnes.  
Industrial pollution is further regulated by the 1996 EU framework Directive on 
Integrated Pollution Prevention and Control (European Union, 1996) and the revised 
LCPD 2001/80/EC (European Union, 2001b). The former requires the adoption of Best 
Available Techniques (BAT) by 2007 (Eames, 2000:10), and the latter has introduced 
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emission limits for existing plants as well as tightening requirements for new11 plants 
(The Swedish NGO Secretariat on Acid Rain, 2002).   
 
 
6.3. The Swedish Charge on NOx emissions from energy production12 
 
 
6.3.1. Design  
 
The Swedish NOx charge is directed at reducing emissions from power generation plants 
and large combustion plants, such as industrial boilers and incinerators, with a production 
of useful energy (electricity and/or heat) of at least 25 GWh during the accounting period.  
It targets a number of emission sources that are exempted from the LCPD, such as boilers 
of installed capacity less than 50MW but with a production of at least 25GWh useful 
energy.  The systems liable to this charge constitute only a small percentage of domestic 
sources of NOx emissions - namely 5%.  The rest of the emissions are generated from 
road traffic (43%), non-road machines (27%), other combustion sources (11%), shipping 
(8%), and industrial processes (5%) (Statistics Sweden 1998, in SEPA 2000: 6).  This 
relatively small share of the domestic emissions is a result of Sweden’s reliance on non-
combustion energy sources, namely hydro and nuclear, for the bulk of electricity 
generation. 
Although the combustion plants targeted by the charge constitute a relatively small 
fraction of the total domestic NOx emissions in Sweden, 21% of all NOx emissions 
emitted within the EC in 199013 come from similar sources within the EU, validating the 
importance of finding ways and means to achieve pollution reductions in this sector as 
effectively and efficiently as possible. 
Although the NOx charge formed part of a major tax reform, it was designed differently 
from the sulphur and carbon dioxide taxes that were implemented at the same time.  The 
revenue collected from the charge is returned to the payers in proportion to their final 
useful energy production - a form of earmarking which gives this economic instrument 
the quality of a charge, rather than a tax.  This redistribution design was developed as a 
result of the need to install expensive monitoring equipment in order to accurately 
measure the NOx emissions.  The measuring equipment was necessary because the 
amount of NOx emitted varies with the combustion conditions of the process, and is not 
directly dependent on the type of fuel used, unlike SO2 and CO2 emissions.  
The initial costs of installation and monitoring costs of the measuring equipment were 
estimated to be approximately 36,800 ECU per plant, which was quite substantial.  For 
this reason, the charge was initially limited to the larger plants, namely those of 10 MW 
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thermal capacity and an annual utilised energy production of at least 50GWh. Subsequent 
to this limitation, it was decided to redistribute the collected revenue amongst the target 
actors, in proportion to their final production of useful energy, in order to safeguard the 
competitiveness of the sector.  The redistribution design, also referred to as a ‘feebate’ 
scheme, rewards the energy efficient plants and avoids distorting domestic competition by 
favouring the smaller plants not targeted by the charge.  It also counteracts the incentive 
there would otherwise be for the larger plants to invest in smaller, less efficient units that 
would not be subject to the charge.  Competitiveness was thus safeguarded without the 
need for granting outright exemptions to the most polluting enterprises.  As monitoring 
costs fell and effectiveness regarding emission reductions was perceived, the system was 
extended to smaller plants: in 1996 to units with a production of at least 40 GWh, and in 
1997 to those with a production of 25 GWh or over14.  
The charge is levied at a rate of 40 SEK15 / kg NOx which has not been changed since the 
charge was first implemented in 1992. This figure was arrived at on the basis of 
engineering data on effectiveness and abatement costs: the abatement costs were 
estimated to range from 3 to 84 SEK/ kg reduced NOx (SEPA, 2000:5).  The average cost 
to reduce 1 kg of NOx was estimated to be less than 10 SEK (SEPA, 1997:39) so that 
there was a strong economic incentive for the target group to invest in pollution-
abatement measures.   
The Swedish EPA is the taxation authority for the NOx charge.  Prior to introducing the 
charge, the Swedish EPA worked together with the targeted sector to make the 
implementation of the system as smooth as possible.  Preparations included the compiling 
and publishing of information regarding NOx measuring techniques and equipment, which 
was sent to the liable plants together with a registration form, a declaration form, a 
brochure about the charge and a report on the determination of NOx emissions and 
utilised energy. Information regarding measurement techniques and equipment has been 
subsequently been revised and published regularly by the Swedish EPA.   
The administrative costs of the system are deducted from the collected revenue prior to 
redistribution.  However, these costs are minimal; they amounted to 0.6% of the total 
charge amount in 1999. 
[Sources: Bergstrom, 1999; Höglund, 2000; SEPA, 2000]  
 
 
6.3.2. Enforcement and Measurement of Emissions  
 
The charge system is based on actual continuously-monitored nitrogen oxide emissions, 
and the producers have the choice of either installing permanent automatic monitoring 
equipment on the boilers or being charged according to presumed emission levels.  The 
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presumed levels are based on fuel consumption16 and are, for the most part, significantly 
higher than actual emissions, so usually measurement is considered preferable.  
The estimated levels are used in any case if the measuring equipment is found to be out of 
order, out of calibration, or non-conforming to the required standards stipulated by the 
Swedish EPA.  The equipment is monitored by an independent accredited17 inspector at 
least once a year, and a certification of conformance is submitted to the Swedish EPA in 
January, together with the company’s annual return containing details of the NOx 
emissions and useful energy generated.  The return is reviewed by the Swedish EPA, and 
the company receives a net invoice/refund by September 1st / December 1st.  The 
equipment necessary for measuring the useful energy produced is generally already 
present in the plants for other purposes. 
The Swedish EPA also audits the company separately once every five years.  The audit 
includes a review of the calibration and maintenance procedures, the daily report system, 
the measuring equipment capability, and calculations and measurements of useful energy 
(as carried out by the plant) and emissions (as carried out by accredited laboratory).   
 
 
6.3.3. Pollution-Abatement Measures 
 
Various technologies and techniques for reducing NOx emissions have been available to 
the power producers.  These included primary measures (i.e. changes to the combustion 
process) and secondary measures (i.e. flue-gas denitrification).  
The primary measures include low-NOx burners, flue-gas recycling, air-staging, over or 
rotating fire air, reburning, ‘fine-tuning’ of the combustion system, or fuel-switching (e.g. 
to natural gas), all with different costs and efficiencies.  For example, ‘fine-tuning’ or 
‘trimming’ improves the process simply by optimising the combustion parameters to 
minimise NOx emissions, and can often be done at zero cost.  
The secondary measures available include Selective Non-Catalytic Reduction (SNCR) 
and Selective Catalytic Reduction (SCR), or a combination of the two.  In the case of 
SNCR, this is achieved by introducing urea or ammonia into the combustion chamber, 
and it reacts with the NOx in the chamber and flue gas to produce Nitrogen (N2) and 
water. The SCR method uses a catalytic ceramic to convert the NOx and is a more 
efficient and expensive procedure.  
Primary measures such as low-NOx burners can achieve reductions of 30% and can be 
retrofitted to existing installations at low cost (EEB et al, 1998). Secondary measures 
such as SNCR and SCR can reduce emissions by 20-70% (usually 50%) and up to 90% 
respectively (SEPA, 2000). Hence, this is a case where end-of-pipe solutions, or a 
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combination of both primary and secondary measures, can achieve significant 
environmental results.  
 
 
6.4. Assessment of the Economic Instrument 
 
 
6.4.1.  A Charges and Standards Approach 
 
As has been mentioned, the need to measure actual NOx emissions in order to tax the 
polluters, led to these emissions being subject to a refunded charge, rather than a fiscal tax 
as was the case with SO2 and CO2 emissions.  Andersen advocates the general policy 
approach of a combination of fiscal taxes and earmarked taxes (or charges), such as the 
fiscal taxing of substantial resource use (such as energy) and earmarking taxes from “the 
more complex pollution sources” as being potentially advantageous: (1994:9).  A clear 
political advantage that charges have over taxes is that   
 
“They are more acceptable to polluters, because the revenue does not fill an 
empty treasury but is returned to polluters taking control measures” 
(Andersen, 1994:8) 
 
In fact, the redistribution aspect did make the policy more acceptable to the targeted 
industry (SEPA, 2000), especially in view of the initial investment required by the 
polluters simply to measure the emissions, which were in addition to any investments 
made in pollution-abatement measures.  It also ensured that the charge did not distort the 
competitiveness of the industry by giving the smaller exempted plants a competitive 
advantage.  From the regulator perspective there was also a reduced incentive for the 
larger plants to take strategic measures and exit the scheme by investing in smaller, less 
efficient units that were not liable to the charge.  
An upper limit for the various pollutants was set by means of a system of individual 
permit levels for the installations, implemented a few years prior to the charge (although 
it should be noted that not all the plants targeted by the charge have a permit level for 
NOx). Charges and standards are believed to be an ideal approach for dealing with 
pollution, since it is often not easy to correctly estimate the cost of the damage and relate 
it back to a unit of pollution (Wallart, 1999), as would be required for the implementation 
of the theoretical Pigouvian tax.  This is a case in point with NOx emissions: the 
environmental problems these emissions give rise to are diverse: acid rain, eutrophication, 
and ground level ozone, with wide-ranging consequences and costs, both current and 
future.  Apart from the difficulty in assessing such costs, NOx is only one of various 
Dynamic Effects                                                                                          Christina Mallia and Stuart Wright 
 55
contributors to these environmental problems, the severity of which varies according to 
the presence and magnitude of other pollutants.  The transboundary nature of these 
pollutants only adds to the difficulties involved in correlating environmental damage, and 
ecological loads and levels, to pollutant emissions from individual sources.  In this case, a 
charge is an ideal tool, since it can be used to reach a given target (in terms of emission 
reductions), and can be increased if the desired reduction or environmental results are not 
achieved.  
Von Weizsäcker and Jesinghaus (1992) also advocate the use of charges whenever it is 
possible to accurately measure the environmental performance of the target actors, and 
the increased bureaucratic burden involved can be sustained.  The design of the NOx 
charge policy incorporates these characteristics by making use of the actual measurement 
of emissions to determine the charge, and by deducting the administrative costs, which at 
any rate were kept very low, directly from the collected revenue.   
The introduction of measuring equipment in the liable companies had a two-fold 
advantage: it provided the polluters with an efficient monitoring system for gauging the 
effectiveness of any implemented pollution-abatement measures, and this effectiveness 
could then be accurately assessed, and rewarded, by the regulator.  Thus, it was possible 
to implement a  ‘carrot and sticks’ scenario, which could be expected to have “a higher 
degree of steering effectiveness” than general ear-marking (ibid, 1992:17), and which did 
not rely on other public funds in order to function. Also, despite the assumption that 
refunded taxes produce a lower steering effect than fiscal taxes, it was concluded that the 
NOx charge resulted in reducing emissions to “approximately the same marginal 
abatement cost under a refunded charge as under an equivalent Pigovian tax” (Höglund 
2000, Essay I:20). However, the particularity of the targeted sector, which was made up 
of a number of small competitive polluters (the largest owner from the targeted plants 
produces about 3% of the overall targeted output18) was considered to play a significant 
part in this (ibid, 2000). This result may not be easily reproduced in target groups that 
have a different structure. 
The setting of a standard alone requires the regulator to possess the same knowledge as 
the regulated, if this is to be done competently. Although NOx emissions in Sweden are 
also regulated through the use of standards, by means of individual operating permit 
levels, it is apparent that considerable effort and knowledge is required to set these limits 
correctly and to subsequently monitor their implementation. Clearly, a charge is more 
efficient because it allows the producers to take whatever measures are most appropriate, 
and be rewarded, or penalised, according to the resultant environmental performance. A 
charge is thus also easier for the regulator to administer than a standard, provided that it is 
correctly designed and does not allow the polluters to avoid paying the tax. In the case of 
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the NOx charge, the use of measuring equipment subject to certain specifications, and the 
supplementary monitors of an accredited inspector and systematic audits by the regulator, 
provide satisfactory controls. In addition, the Swedish EPA is only directly responsible 
for the audits and review of annual returns, so that the financial burden involved for the 
regulator in administering the charge is low. 
 
 
6.4.2. Strength of the Financial Incentive 
 
An important factor in eliciting the desired response from the target group is the level of 
the charge.  The NOx charge was set high enough to provide a monetary incentive for all 
producers to invest in different pollution-abatement measures.  The costs for available 
abatement measures were estimated to vary between 3 and 84 SEK /kg reduced NOx, and 
the average abatement cost was estimated to be 10 SEK /kg reduced NOx.  With a charge 
level of SEK 40 / kg NOx, all producers have a strong incentive to improve controls and 
efficiencies (which can be done at very low cost) as well as invest in pollution-abatement 
technology. Although reductions will vary from company to company, the target can be 
achieved for sector as a whole in the most cost-efficient manner.  According to the 
economic theory, each producer will choose to reduce the emissions as far as is 
economically viable; such a decision can be made more efficiently and effectively by the 
regulated than by the regulator. Plants can be constrained both by budgetary 
considerations as well as by the limitations of existing installations.  Thus, companies for 
whom the charge constitutes a small part of their costs may take very limited measures, 
whereas large plants with high emissions could find it more cost-effective to implement 
the expensive and efficient reduction technologies, rather than pay a high net charge year 
after year. 
The financial aspect of the charge can be significant. Although the charge has an overall 
revenue-neutral effect, there are net receivers and payers, so that the economic incentive, 
or cost, related to addressing NOx emission levels could vary greatly and be quite 
substantial. For example, in 2001, one company made a net payment of SEK 7,778,218, 
and another company received a net refund of SEK 16,061,965.  These net negative and 
positive charges corresponded to overall emission efficiencies of 1kg/MWh and 0.058 
kg/MWh for the two companies in question, illustrating the range of performances and 
the corresponding monetary element involved19.  At unit level, the efficiencies of the units 
targeted by the charge in 2001 ranged from 0.032 kg/MWh to 1.254 kg/MWh, denoting 
differences in eco-efficiencies by a factor of 40.   
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6.4.3. Positives and Negatives of the Charge Design 
 
Certain design pitfalls are commonly associated with economic instruments. These 
include the exemption of “large and politically powerful polluters”, “distorting the desired 
environmental objective” by limiting the tax/charge to what is administratively feasible, 
and setting the tax rate to collect a given amount of revenue rather than relating it to the 
environmental cost or target [Andersen, 2001: 37].  
With regards to the Swedish NOx charge, most of these pitfalls appear to have been 
avoided, or at least to some extent.  As mentioned previously, during the policy design 
process it was decided to implement a charge rather than a tax. Thus, the revenue 
generated does not go towards the general budget, but is returned to the producers. 
Therefore, there was no incentive for the regulator to set the charge at a low level, merely 
to collect revenue. The charge was in fact set at a high enough level to provide a 
sufficient monetary incentive for the polluter to take action, since it was based on relative 
costs and effectiveness of available abatement.  
The system also does not exempt the largest polluters; if anything, it was considered fair 
to make only the larger systems liable, namely those that could best cope with the 
expense of installing, operating and maintaining the measuring equipment.  On the other 
hand, the smaller plants that were included when the scheme was extended are more 
heavily burdened by the high costs of measuring the emissions (SEPA, 2000), despite the 
fall in monitoring costs since the charge was implemented in 1992, resulting in an 
unequal distribution of costs. 
Although the charge does not exempt the largest polluters, there are certain sectoral 
exemptions (such as emissions from combustion in soda or lye furnaces) and a number of 
industrial emissions that are not targeted.  Industrial processes and combustion sources 
other than the plants subject to the charge constitute 16% of Swedish NOx emissions.  
Thus, limiting the charge to emissions from energy production could certainly be said to 
have diminished the environmental effectiveness of the policy. 
Unfortunately, a number of the NOx-reduction measures can have secondary effects and 
lead to increased emissions of CO and VOCs from incomplete combustion, and the green 
house gases N2O and NH3 from use of urea and ammonia in flue-gas treatment measures.  
The Swedish EPA estimates that the increase in CO and NH3 as a result of the 
implementation of the charge is 0.5% of the total Swedish emissions, whereas that of N2O 
is 5%.  Very few plants have permit levels for these emissions (SEPA, 2000). Although 
the estimated increase of these emissions is equivalent to 25% of the reduced NOx (SEPA 
in Ecotec, 2000a), it is difficult to compare the corresponding benefits and damages, due 
to the different “exposure-response functions” of these emissions (Ecotec, 2000a: 56).  
This secondary effect of the NOx charge, untargeted by other policy measures (except for 
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CO and NH3 emissions in specific sectors), is a weakness in the policy design. The 
environmental issue targeted was focused on in isolation, without taking into 
consideration possible negative side effects. The fact that most of these increased 
emissions can be avoided (SEPA 2000), is a further negative feature. 
The Swedish EPA (2000) mentions a number of future modifications to the policy design 
that are under consideration in order to compensate for some of these shortcomings. 
These include the possibility of making NOx measurement costs tax-deductible (with the 
purpose of equalising the relative costs between the smaller and larger plants),  increasing 
the charge (to obtain a larger steering effect), and extending the scheme to include all 
industrial emissions (which would involve a modification of the current system, such as 
splitting in different categories plants with similar conditions).  A review of the charge 
system is anticipated in any case, as part of the national strategy for further reduction of 
NOx emissions (Swedish Ministry of the Environment, 2001b).  
 
 
6.4.4. The Target Group’s Response to the Charge 
  
Although the ideal course of action to reducing polluting emissions would involve 
investment in clean technology and less polluting fuels, a number of factors will 
necessarily influence and restrict such a decision.   Most of the emission sources in 
Sweden targeted by the charge are existing individual energy production units that are 
used in diverse processes in a fixed physical industrial environment and subject to various 
constraints, such as useful lifetimes.   
Although a few companies undertook a fuel switch after implementation of the charge, 
there were often “large cost savings for other reasons than the NOx-charge” (Höglund, 
2000:14), so that the charge cannot be said to have been the driving force behind such 
decisions.  Fuel type is more often than not equipment dependent and inflexible, so that a 
fuel switch to a less polluting fuel, such as bio fuel or natural gas, would most likely 
necessitate investment in a new boiler.  In fact, the influence of one single charge is 
difficult to single out as the spur to investment in cleaner technology, given the many 
factors that necessarily influence corporate decisions, ranging from financial concerns to 
existing legislation. In the case of emissions to air, there is a host of legislation relating to 
green house gas emissions, fuel taxes, permit requirements etc that will be taken into 
consideration.  
However, it may be possible to relate the incentive effect of the NOx charge to a diffusion 
in pollution abatement technology that came about during, and following, the period of 
implementation.  Figure 2 below shows how the number of combustion plants equipped 
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with NOx-reducing measures in Sweden increased by a factor of 16 between 1982 and 
1994 (IISD, 1994).  
 
 
Figure 2. Installations of Present and Planned NOx reducing techniques during 1982 – 
1994, (Source: IISD, 1994:25) 
 
A link between this surge in installed technology and the progress of discussion and 
implementation of the said charge (between 1985 and 1992) can be construed. Moreover, 
L. Höglund’s study on 114 plants targeted by the Swedish NOx charge (2000) concluded 
that “almost half of the” 162 pollution abatement measures taken would not have been 
implemented without the introduction of the charge, whereas quantitative standards and 
other reasons (compliance with other pollution emission standards) were claimed to be 
the principle reason for 22% and 31% of the measures taken (ibid, 2000, Essay II:14). 
Another study on the steering effects of the NOx charge (Bergström, 1999) surveyed a 
sample of 36 plants. A number of the companies surveyed stated that they invested in 
NOx abatement technology as a direct result of the charge: investments were made on 
62% of the boilers under the responsibility of the surveyed companies.  Prior to the 
introduction of the charge, SEPA (2000) observed, for example, that SNCR had not been 
used at all in Swedish plants. Thus, the charge provided a clear stimulus for the diffusion 
of existing pollution-abatement technology.  
 
Apart from hardware investments made in pollution-abatement equipment, measures to 
increase the efficiency of the processes by purely technical means were also employed. 
Table 2 gives an indication of the NOx reducing measures implemented by sector between 
1990 and 1996. 
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Type of Measure Sector All Sectors 
 Energy Pulp and 
Paper 
Chemical 
and Food 
Waste 
Combustion 
% Qty. 
Trimming 28% 35% 43% 38% 33 53 
Other Combustion 
measures 
38% 35% 48% 31% 38 62 
Flue Gas Treatment 
(SNCR & SCR) 
22% 29% 4% 31% 22 35 
Fuel Switch 12% 4% 4% 0% 7 12 
 
Table 2.  NOx -reducing measures implemented by sector between 1990 and 1996; based on 
a sample of 114 plants. (Data source: Höglund in SEPA, 2000) 
 
As can be observed, all sectors undertook improvements involving parameter 
optimisation (‘trimming’).  A number of firms reported having achieved NOx reductions 
at zero or low cost) (Höglund, 2000, Essay II).  The implementation of the charge served 
to focus attention on the units in question, so that a review of their functions and 
operating parameters was conducted, and this led both to the reduction of NOx emissions 
by optimising the combustion process, and in some cases, the discovery of other cost-
saving possibilities which compensated for abatement costs incurred (ibid, 2000). 
Changes in management practices have also been reported, with certain plants giving 
salary bonuses to operators relative to the NOx reductions achieved, in order to provide an 
incentive for efficient operating of the systems (SEPA, 2000).  The charge served to focus 
attention on the pollution source, and lead to improved controls of the process, simply 
because inefficiency now had a cost attached.  
 
 
6.4.5. The Wider Effects 
 
The Swedish NOx charge has been in place for over a decade, and the response generated 
in the target group can be expected to have had repercussions on supporting industries.  
The policy required an annual inspection by an independent accredited laboratory for the 
NOx emission measurement to be accepted as a basis for calculating the charge, rather 
than higher presumed emission levels. Thus the sector performing these services 
experienced an increase in demand; the number of accredited laboratories has risen from 
21 from only a few in the early 1990s (SEPA, 2000). This may be a modest increase, but 
serves to demonstrate that an economic instruments’ effect is not necessarily restricted to 
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the target group. Of course, the extent of an instrument’s effect is dependent on the 
response generated within the target group, as well as the ability of the supporting sectors 
to adapt. 
The supporting sector also includes the developers and suppliers of pollution-abatement 
and monitoring equipment. Development within this sphere has certainly occurred over 
the last decade. Within Sweden a number of new and improved products have been 
developed. Within the measuring and controls sector concepts developed through 
University research have been adapted into commercial products. One company, founded 
in 1985, developed a research concept from the University of Lund20 into a viable 
product. The Swedish company now exports 90% of its products. Another company 
supplying control and measuring equipment cites the “early Swedish de-NOx legislation” 
as being the reason for focusing research on a specific product line during the late 
1980s21. To be sure, the creation of a market of hundreds of plants due to the necessity of 
implementing measuring equipment in conjunction with the charge, may well have given 
a boost to the sector. It also resulted in a source of empirical information regarding the 
equipment performance in the field, providing an impetus for further improvement and 
development.  Developments can also be found within the pollution-abatement sector.  
One Swedish company22 now supplies patented NOx-reduction equipment, which was 
also developed in Sweden. The first installation was undertaken in 1991, the same year 
the company was founded, and to date the technology is installed in 17 plants in Sweden 
and has also been exported to the US23.   
The strong contributing influence of relevant international protocols and policies that 
have been discussed since the early 1980s make the effects of the charge on these 
developments difficult to disentangle without a more in-depth study. The path of research 
and development on measurement and controls and pollution-abatement equipment for 
emissions from combustion has been set at least since the Geneva Convention was 
adopted in 1979. Moreover, since the production of NOx is linked to combustion 
efficiency, research into improved controls has also been influenced by the need to 
maximise energy production efficiency. The actual implementation of regulations at a 
later stage gave rise to a demand for these innovative technologies. Requirements on 
emissions to air are becoming stricter and more comprehensive on an international level, 
as exemplified by the development of EU policy to date and the latest UN protocols; it 
can be expected to develop even further in the future.  Although the NOx charge might not 
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have spurred innovative developments, given the long history of the issue and the 
relatively small market that the charge itself targets, it provided a market for new 
technological measures, and an important opportunity for assessing them in practice and 
further improving them in anticipation of a wider and more demanding market. 
 
6.4.6. Environmental Effectiveness 
 
The implementation of the charge had a two-fold aim: to assist in achieving the national 
goal of a 30% reduction in NOx emissions (relative to 1980 levels), and to provide “an 
incentive for introducing nitrogen oxide reducing technology” and improving processes 
and controls (Nordic Council of Ministers, 1999: 140). As has been discussed, the charge 
did indeed stimulate the diffusion of NOx-reducing technology, as well as an 
improvement in the related process and controls, which had a subsequent effect on the 
level of NOx emissions. 
The national goal of a 30% overall reduction of NOx emissions in Sweden, compared with 
1980 levels, was not reached by the targeted year of 1995, but only in the late 1990s, 
which was the commitment made by Sweden for the Sofia Protocol.  The trend of overall 
reductions24 is shown in Figure 3. 
 
Figure 3. NOx emissions in Sweden 1980-2000 (Source: SEPA25).   
 
By 1995, a reduction of approximately 20% had been achieved (ECOTEC, 2001:53), but 
by 1999 overall NOx emissions were reduced to 261 kilo-tonnes from 404 kilo-tonnes in 
198026 - a 35% reduction. A chief reason for the delay in achieving the target was the 
technical difficulties involved in reducing NOx emissions from mobile sources and 
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increasing road traffic. Emissions from motor vehicles started to be tackled during the 
mid-1990s, such as through stricter emission requirements for motor vehicles (leading to 
the mandatory provision of catalytic converters in cars built within the EU after 199327). 
However, due to the rate of turnover of the fleet, the effects of these measures were not 
expected to come into their own until after 2000 (EEA, 1997). The contribution of the 
reductions achieved in the sector targeted by the NOx charge is minimal (4%). However, 
the reductions achieved within the industry targeted by the charge were more substantial.  
The trend of reductions for the target group is shown in Figure 4 below, 
 
 
Figure 4. Total and specific NOx emissions from boilers subject to the charge between 1992 
and 1999 and estimated emissions from these boilers in 1990  (Source: SEPA, 2000: 10) 
 
As can be observed, total emissions for the sector are estimated to have been reduced by 
40% since 1990.  The relative increase noted in 1996 is due to the extension of the 
scheme to units of a lower capacity.   
The reduction of 12,500 tonnes achieved from the sector between 1990 and 1996, was 
considerably above the Government’s expectations of a 5000 – 7,000 tonnes reduction 
(EEA, 2000:74).  The Swedish EPA note that an earlier evaluation of the charge 
concluded that 50% of the reductions took place between 1990 and 1992, in anticipation 
of the implementation of the charge28.  
The Swedish EPA estimated the net benefits of implementation of the charge to be at least 
SEK 250 million in 1994 (IISD, 1994).  Moreover, it was estimated that, had the charge 
not been introduced, NOx emissions in 1995 would have been 10,000 tonnes greater: an 
amount equivalent to “25% of all NOx emissions from combustion for energy generation 
in Sweden” (SEPA 1997, in EEA, 2000:48). 
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Specific emissions (i.e. emissions per unit of energy input) of the plants that were 
originally targeted are estimated to have fallen by 60% since 1990, and have fallen by 
37% since 1992. This corresponds to a drop from an average of 160 mg of NOx / MJ of 
energy input29 to about 60 mg/MJ between 1990 and 1999. The plants, which entered the 
scheme later, have reduced their specific emissions by about 20%, as shown in Figure5. 
 
 
Figure 5.  Mean NOx emissions in kg NOx/MWh useful energy produced by targeted plants 
in 1992-1999 (Source: SEPA, 2000: 11) 
 
The plants that were originally targeted in 1992 had high energy outputs, so although the 
average specific emissions at time of implementation are comparable to the average 
specific emissions of the smaller plants that entered at a later stage, the total emissions, 
and hence the charge burden, was presumably higher. It could easily have been more 
cost-effective for the large plants to implement more expensive and efficient measures, 
than it would have been for smaller plants with relatively low emissions.  In fact, the rate 
of reduction and average specific emissions achieved by 1999 is similar for the 50GWh 
and 40GWh plants targeted in 1992 and 1996 respectively, especially when compared to 
the performance of the 25GWh plants targeted in 1997. However, these are general trends 
and the cost-effectiveness of abatement measures can easily be independent of energy 
output; knowledge of the individual firms’ activities and finances is required in order to 
determine what degree of pollution reduction is in fact cost-effective.  
The incentive effect of the charge, and hence the response, can be expected to vary from 
one sector to the next, given the range of industries targeted by the charge. Figure 6 
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shows the net payment/refunds by sector. Within the scheme, one does find sectors that 
are net receivers (such as the energy production industry) and others which are net 
payers (such as the pulp and paper industry). 
 
 
Figure 6.  Net Payers and net receivers by sector 1992 – 1999 (SEPA, 2000) 
 
One reason for this is the fact that the Energy sector started to invest in abatement 
measures before, and at a higher annual cost, than other sectors such as the Pulp and 
Paper industry (SEPA, 2000).  Höglund (2000) suggests various reasons for these 
different behaviours: the Energy and Waste combustion sectors are publicly owned for 
the most part, so that there is a need to be seen as environmentally aware.  The fuel type 
used by the different sectors also varies, with the Chemical and Food sector relying more 
on bio fuel and gas, which give rise to lower NOx emissions than other fuels such as coal 
and oil.  Furthermore, private industry tends to delay investment in abatement measures, 
so as to gain from lessons learnt in the public sector, and for increased development in 
abatement technology, expected to be spurred by tightened regulations. The only industry 
 65
Dynamic Effects                                                                                          Christina Mallia and Stuart Wright 
that has shifted from being a net receiver in 1992 to a regular net payer is the Metal 
industry, which is also the only sector that has not managed to reduce its emissions. 
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Figure 7. Specific emissions of NOx by sector (Data source: SEPA) 
 
As can be seen in Figure 7 all the other sectors have managed to reduce their overall 
emissions, and have now similar specific emissions. The emissions of the Metal 
industry, which were the lowest when the charge was implemented, have increased since 
1992, although they are still in the same order of eco-efficiency as the other sectors’ 
emissions.  It should however be noted that despite these sectoral trends, one can find 
net receivers and payers in every sector (SEPA, 2000).  
 
As has been seen, the monetary incentive provided by the charge has led to a significant 
improvement in the targeted sector. The high initial rate of reduction indicated that the 
most cost-effective measures were taken soon after, and also just prior to, the 
implementation of the charge. A leading advantage of using economic instruments such 
as charges for abating pollution is their dynamic effects: so long as pollution costs can be 
cut, producers will continue to look for new ways to do so.  Within the closed NOx charge 
system, there are always ‘winners’ and ‘losers’, so that the opportunity for increasing 
one’s profits, or minimising losses, is ever present.   
The reduction of NOx emissions now appears to have stabilised.  Does this imply that the 
members of the target group have found their optimal pollution level, and further 
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improvements are simply not cost effective? Or are improvements still taking place at 
company level? If the situation were static, this would imply that further reductions are 
not likely to happen unless new measures are implemented. Moreover, the reductions 
achieved in specific emissions could be neutralised by an increase in energy use. This 
then leads to an assessment of the NOx charge: what are its potential, and limitations, for 
further improvement? 
 
6.5. Sustainability 
 
The Energy sector is never thought of in terms of ideal sustainability, since it necessarily 
has a number of adverse environmental impacts. With respect to the global climate 
change debate, a shift from traditional fossil fuels to renewables is being advocated, and 
an increase in energy efficiency is another major requirement. The ‘renewables’ however 
also have a number of environmental impacts associated with their production and use, so 
the debate concerning the best future energy scenario persists. 
However, a transition to renewable energy sources, including not only the ‘new’ wind and 
solar technologies, but also the relatively established waste combustion and bio fuel, is 
envisaged in the long run, and a shift from the more polluting fossil fuels of coal and oil, 
is expected by means of an increased dependence on natural gas. To this effect various 
policies have been designed in order to stimulate these changes.   
However, these transitions will understandably take time: the lifetime of energy 
production equipment can be anything from 15 to 50 years, not taking into consideration 
other factors, institutional, economic and technological, that still make oil and coal 
attractive options to producers.  Thus, the environmental impact of existing installations 
must necessarily be minimised, entailing a significant reduction of emissions by means of 
improved controls and investment in pollution-abatement equipment. Also, with an 
expected growth in the use of natural gas and renewables such as waste and bio fuels, it is 
imperative to find ways and means to reduce the environmental effects of these energy 
sources, including NOx emissions, as efficiently, rapidly and effectively as possible. What 
can the NOx charge be said to have accomplished in this regard?  
The escalation of installed NOx reduction technology and improved controls observed 
since the charge started to be discussed in 1988, together with the overall 40% reduction 
in emissions since 1990, bear witness to the static efficiency of the NOx charge and its 
environmental effectiveness.  In addition, any improvements achieved in the ‘renewable 
fuel’ sectors which, as seen in Figure 8, make up more than 50% of the fuel requirements 
in the target sector, are an investment in the future.  Figure 8 gives the trend of emission 
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reductions by fuel type.  As can be seen, an increase in eco-efficiency has been observed 
for all fuel types.  
 
Peat
4%
Oil
19%
Gas
15%
Coal
8%
Waste
10%
Biofuel
44%
 
Figure 8. Fuel used by boilers subject to the charge in 1999 (based on energy production), 
and trend of emission reduction by fuel (Source: SEPA, 2000)  
 
 
The overall efficiency of the industry has most definitely improved, since the quantity of 
NOx emitted per unit of useful energy has decreased substantially. But is this really an 
improvement, or is the environmental gain of increased efficiency likely to be neutralised 
by an increase in energy output? Figure 9 shows the trend of specific, total emissions, 
compared with total useful energy produced. 
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Figure 9. Useful Energy and NOx emissions 1992 – 2002 (Source: SEPA) 
 
 
The improvement in specific emissions has resulted in a stabilisation of the total emission 
despite an increase in energy output.  The total energy output of the liable units increased 
from 37,500 GWH in 1992 to 60,600 GWh in 2002 (mostly due to the extension of the 
scheme to another 150 units in 1996/1997), whereas the associated total emissions 
actually decreased from 15.3 kilo-tonnes to 14.6 kilo-tonnes.  It should be noted that there 
was also a significant reduction in total emissions between 1990 and 1992 (estimated to 
be 40%) prior to the implementation of the charge that is not included in the above trend.  
 
A criticism often put to the concept of ecological modernisation is that in failing to 
address the issue of growth, an unsustainable situation will be arrived at in any case, since 
the technological improvements will not be able to compensate for the increase in 
resource consumption and pollution. In the long run, the stabilisation of total emissions is 
not enough, in view of the need to further reduce NOx emissions.  Although Sweden has 
been within its ceiling of 19 kilo-tonnes for emissions from large combustion plants ever 
since the charge was implemented, further reductions from all domestic emission sources 
are needed to reduce emissions below the national emission ceiling of 148 kilo-tonnes.   
One of the advantages of economic instruments is that they are considered to have the 
ability to spur such dynamic effects, since they provide producers with an incentive to 
continually seek more efficient ways to reduce their emissions, rather than stop after a set 
standard has been achieved. This implies that producers will not only continue to seek 
ways to reduce their environmental impact, but will also take the environmental aspects 
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into consideration in future investments, thus shifting the industry onto a more sustainable 
path.  In turn, this increased demand for superior environmental specifications can spur 
suppliers to improve existing equipment as well as develop alternative technologies (Von 
Weizsäcker and Jesinghaus, 1992).  In the long term, dynamic efficiencies can lead to the 
development of, and substitution with, more efficient and cleaner technologies, and a 
subsequent transition to a more sustainable society.  If this were the case, then the energy 
sector could eventually be transformed into a more sustainable one, with emissions within 
the ecological carrying capacities.  However, these kind of changes can take decades to 
materialise, if ever, and apart from the “degree of pressure to adjust” provided by the 
instrument (Von Weizsäcker, 1992: 47) they are to a great extent dependant on factors 
external to the instrument’s design such as the presence of ancillary supporting policies 
and the magnitude and capability for innovation of the target market. 
 
 
6.5.1. Static and Dynamic Effects at Company Level 
 
By reviewing the NOx emission performance at a company level, it was hoped to discover 
whether the charge had indeed had a dynamic effect, and what degree of sustainability it 
might have been achieved. Thus, the reduction in the NOx emissions and the pollution-
abatement measures taken to achieve them in three ‘top performing’ companies were 
considered.  The assessments are based on a combination of data that is available to the 
public and in two cases also on information obtained through correspondence with staff 
within the company. The energy production and emissions data was obtained from the 
Swedish EPA30.  
A framework for assessment was formulated in order to attempt an evaluation of the 
company’s performance with regards to sustainability.  A reduction of 75% from 1990 
levels (a Factor 4 improvement), on a company level was taken to illustrate a possible 
transition to ideal sustainability, one in of 50% to demonstrate strong sustainability, a 
25% reduction corresponding to weak sustainability, and reductions in the order of 10% 
were considered unsustainable.  
These sustainability reduction levels are based on the emission reduction targets and 
objectives outlined in the EU’s NEC Directive and the UN Gothenburg Protocol, and the 
future reductions recommended by European environmental organisations. The facts that 
the companies were being assessed on changes already done, and that the equipment 
turnover rate constrains the action timeframe were also taken into consideration.   
The ideal sustainability level is related to the 90% reductions SO2 and NOx emissions in 
Europe required by environmental organisations (NGO Statement, 1995).  Although 
Sweden reduced its NOx emissions by 16% between 1980 and 199031, NOx emission 
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reductions within the EU in the same timeframe were negligible (EEA, 2001).  Also, 
Sweden is not a major emitter: its share of NOx, SO2 and NH3 emissions amounted to only 
1.5% of EU15 emissions in 1990 (EEA, 2001). Therefore, a factor 4 reduction to date in 
the Swedish plants was deemed ‘ideal’. It should be noted that ‘ideal’ here is merely 
taken to refer to NOx emissions, rather than an overall sustainability. 
The strong sustainability level of a 50% reduction of emissions to date relates to the 
Gothenburg Protocol and NEC directives, for which Sweden’s target is a 56% reduction 
by 2010. Arguably these targets can also be designated as ‘weak’ due to the limited 
objectives. However, they are only interim targets to be reached by 2010, and if attained 
would signify considerable progress in achieving the long-term goal of an ideal situation 
“not exceeding critical loads and levels” (2001/81/EC, Article 1).  Hence, such reductions 
achieved to date were considered to be on a strong sustainable level.  
The weak sustainability level was equivalent to a reduction of 25%, which correlates to 
the overall reduction achieved in Swedish NOx emissions between 1990 and 2000.  Lower 
reductions, in the order of 10%, were considered unsustainable. 
Although it is understood that in practice these reductions are only estimates in relation to 
the ecological carrying capacities, and in addition cannot be simply transferred to an 
individual company, they can provide a point of reference for assessment.  The 
assessment framework correlates the type of response and extent of change that would be 
required from the target actor to achieve these reductions.  
 
Dynamic Effects                                                                                          Christina Mallia and Stuart Wright 
Theoretical Framework for the Assessment of Dynamic Effects, Actor Response / NOx 
Degrees of Sustainability General Actor Response Implemented Technology / Management 
practices 
Resultant Company Reductions 
in NOx emissions  
Level Zero 
 
The actor acts illegally Falsification of Documents No reduction / Increase in 
emission levels 
Level One 
Unsustainable 
 
No response. Simply pays tax. None No reduction in emission levels 
Level Two 
Unsustainable 
 
 
Reduces emissions at the margin. No 
significant change in technology or 
technique 
Improving existing process parameters e.g.  
“trimming” of combustion process; 
possible secondary effects 32
Reduction of emissions by 10% 
 
 
Level Three 
Weak sustainability 
 
 
Installs end-of-pipe technologies. Reduces 
exposure to the tax without major changes in 
the production technique 
Implements relatively efficient abatement 
technology (BATNEEC); 
slight secondary effects 
 
Reduction of emissions by 25% 
 
Level Four 
Strong sustainability 
 
 
 
Uses existing cleaner production techniques 
employing different technologies. Reduces 
exposure to tax by reduced emissions from 
production.  
Implementation of primary measures and/or 
efficient abatement technology; 
Present/Future investment in BAT; 
negligible secondary effects  
 
Reduction of emissions by 50% 
 
Level Five 
Ideal sustainability 
Makes use of best available technology; 
invests in new research and development 
aimed at uncovering innovative technologies 
and techniques for use in production 
 
Investment in BAT  and Alternative Clean 
Energy technologies; switch to renewable 
energy;   no secondary effects; Investment 
in R&D  
Reduction of emissions by 75%  
  
 Table 3. Theoretical Framework for Assessment of Dynamic Effects, Actor Response / NOx (adapted from Hogg, 2001) 
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KREAB Energi AB   - District Heating Facility  
 
The unit’s capacity is 8MW with an additional 0.5-0.8 MW from the waste-gas 
condenser, and the useful energy produced is in the range of 25 - 28 GWh (Personal 
communication, May 2003).  The company’s boiler is one of the smallest ones targeted 
by the scheme, and although it has been in operation since the implementation of the NOx 
charge, it only became liable to the charge in 1997, with the extension of the scheme to 
boilers of at least 25GWh useful energy production. 
The charge is considered to be rather significant for the company from a financial point of 
view, and would be a factor for consideration when investing in new equipment. A low-
NOx burner was installed in 1997 and since the permit for the boiler does not cover NOx 
emissions (Personal communication, May 2003), the charge can be assumed to be the 
chief reason for the installation 
Figure 10 shows the decrease in emissions since the boiler became liable to the charge33.  
Prior to 1997 the company did not monitor emissions, so data is not available.  
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Figure 10. Useful Energy, Total and Specific Emissions for GP1, KREAB Energi AB (Data 
Source: SEPA) 
 
No technical measures or new operating and management practices have been 
implemented in direct relation to the charge. However, process optimisation has been 
carried out to increase the useful energy obtained from the waste gas condenser, and this 
also resulted in a reduction of NOx emissions for the same useful energy (Personal 
communication, May 2003).  
The company is a net receiver in the system, with a return of 157,000 SEK on a useful 
energy production of almost 28 GWh during 2001. This boiler is amongst the most 
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efficient when it comes to specific NOx emissions (ranked 11th overall), so the return may 
seem rather low. This is due to the fact that the boiler lies at the lower end of the energy 
production range (and in fact its energy production in 2000 was not sufficient to be 
taxed), but one need only compare it with another company’s boiler of similar energy 
production, which was a net payer of over SEK 800,000 in 2001, to gauge the relative 
gains and losses that can ensue from NOx emissions efficiency even for the smaller liable 
boilers.  The initial investment made in pollution abatement can be seen to be worthwhile 
in view of the net refunds received by the company. 
The specific emissions have been reduced by 28% since the charge was implemented, 
putting the company on a weak sustainable level.  However, the actual reduction is likely 
to be higher since the emissions in 1997 are already partly reduced by the low-NOx burner 
installed that year.  
 
 
Skandinaviska Raffinaderi AB, Scanraff   - Oil Refinery 
 
The company own three boilers, each of 53 MW rated thermal capacity (Personal 
communication, May 2003).  Thus, the boilers have been liable to the charge since its 
implementation in 1992, although only two had a large enough energy production that 
year to be charged.  The company is a net receiver in the system, with a return of SEK 
1,547,000 on a useful energy production of almost 540 GWh during 2001 (SEPA). 
The refinery is covered by a permit level for NOx emissions of 846 tonnes, which 
includes emissions from the fired boilers and process furnaces.  Total emissions in 2002 
were 794 tonnes in 2002, with the fired boilers subject to the charge responsible for 95 
tonnes.  Initially the company did not have a limit for NOx emissions, and total emissions 
in 1992 were 1584 tonnes.  The permit limit for NOx emissions was imposed in 1995, and 
lowered again in 1999. [Personal communication, May 2003]  
The charge is considered to be rather significant to the firm from a financial point of 
view, and is claimed to be a factor for consideration when selecting new equipment. 
However, the company gives much importance to its energy conservation program, an 
important issue for a long time: the energy costs of the company are “considerable” and 
“clearly coupled to the refinery expenses”. Another factor influencing equipment 
specifications is the use of BAT “requested by the authorities”, and which is also required 
as part of the environment management strategy of the company. [Personal 
communication, May 2003] 
An overall reduction of 50% in total emissions has been achieved by the refinery since 
1992, due to a number of primary and secondary NOx-reduction measures. The primary 
measures included the installation of low-NOx burners in the refinery process furnaces 
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and flue gas recycling (FGR)34.  SCR (a secondary measure) was installed to treat the flue 
gas from the fluid catalytic cracker unit.  The company’s low-NOx burners were installed 
in stages: the first in 1991, two more in 1994, and another in 2002.  The emissions 
reduced by this technology, and also those reduced by the SCR, are not subject to the NOx 
charge, and the reason given for their installation is the new/stricter permit levels. Only 
the emissions reduced by FGR are targeted by the charge. [Personal communication, May 
2003]  
Figure11 shows the NOx emissions data for one of the company’s units.  
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Figure 11.  Useful Energy, Total and Specific Emissions for SG3203, Skandinaviska 
Raffinaderi AB (Data Source: SEPA) 
 
The boiler emissions were first reduced by non-technological measures (controlling the 
oxygen surplus) after the charge was implemented.  Although the reductions thus 
achieved had an economic impact on the charge, the measure is also coupled to the 
energy conservation program of the company and was expected to have been 
implemented in any case (Personal communication, May 2003). 
The increased efficiency observed since 1997 was attributed to the installation of FGR35, 
and the initial reductions were achieved by ‘trimming’.  Prior to the implementation of the 
permit level for NOx in 1995, a 30% reduction in specific emissions was achieved on this 
particular boiler.  The reduction in total emissions, with increased energy output, can be 
observed to be minimal.  The specific emissions were reduced by another 35% by 2001, 
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following the implementation of overall NOx emission levels. The imposition of an 
overall standard for the refinery led to investments in NOx reducing technology on all 
NOx emission, including those of the boilers targeted by the charge.  
The low emissions during 1996 were the result of using water injection to reduce NOx 
emissions. However, this process “implicated other severe problems”, so FGR was 
installed instead in 1997 (Personal communication, May 2003). The increase in efficiency 
thus achieved was also sufficient to reduce the total emissions. 
 
The response generated by the charge alone can at best be said to have led to weak 
sustainability.  The influence of the charge is not entirely extricable from other factors, 
especially the energy conservation program in place at the company since at least 199036. 
Certainly, one might suppose that a stronger response could have resulted had the charge 
been levied on all the refinery’s emissions and thus constituted a higher cost.  However, 
without knowledge of the company’s cost distribution and process limitations, one can 
only speculate.  
The response generated by a charge is not only dependent on its level in relation to 
pollution abatement costs, but also to the overall costs of production of a company.  A 
company will first and foremost focus attention and resources on areas of high cost, and 
will grant only a secondary, if any, importance to other cost areas. Only 10% of the 
refinery’s NOx emissions are targeted by the charge, so that minimising the charge burden 
they entail was of minor importance in comparison to addressing the much higher energy 
use and costs.  The useful energy of the boilers targeted by the charge is certainly not 
minimal – 540 GWh in 2002. The refinery consumes another 370 GWh of electricity, 
which gives an indication of the total energy consumption and costs of the refinery. The 
NOx charge constitutes a relatively small cost in the overall picture. Although the 
emissions were reduced in order to minimise the tax burden, these were initially done at 
minimum cost by means of ‘trimming’, which also had the purpose of conserving energy. 
The improved emission-efficiency attained at a later stage appears was prompted 
primarily by stricter permit requirements on emissions which are not subject to the 
charge. The company sought to safeguard its interests by ensuring it was within its 
operating and licensing limits.  
However, this combination of standards and charges did eventually lead to a higher 
degree of sustainability. The reduction of 50% on overall NOx emissions achieved since 
1992 by the refinery denote that the company appears to have achieved a strong 
sustainability level in this regard.  
Future investments will take into consideration the NOx-emission performance, but this 
increased attention can be said to have been generated by a number of factors, including 
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various policy instruments such as energy taxes, the NOx charge, and the standard 
imposed by the permit.  Thus, the dynamic effects of the charge in this case are not 
extricable from the other regulatory factors and company strategy regarding cost-
minimisation and green credentials. 
 
 
Mälarenergi AB Kraftvärmeverek – Combined Heat and Power 
 
It was not possible to establish a contact and obtain information from this company. 
Hence, the assessment is based on published data and information available to the public. 
 
A study on large combustion plants37 in Europe credits the NOx charge as “the main 
inducement” for the low reductions achieved by the company (Hjalmarsson, 1996:7). 
Mälarenergi AB Kraftvärmeverek, formerly Västerås Stads AB Kraftvärmeverek, has 
equipped its four coal/oil-fired plants (with input capacities ranging from 300 to 640MW) 
with expensive SCR equipment.  
The figure 12 below shows the trend of energy production, total and specific emissions 
for the oldest two boilers (Västerås1 & 2) between 1992 and 2002. As can be seen, the 
investments made in SCR resulted in a 50% reduction of specific emissions between 1992 
and 1994. Data from before 1992 is not available, so it is possible that in fact greater 
reductions were achieved.  The total emissions, for comparable energy outputs, were also 
reduced as a result of the substantial increase in eco-efficiency.  Thus, the charge served 
to shift the company onto a strong sustainable level.   In fact, the three coal-fired plants 
(Västerås 1, 2 & 4) were deemed to be amongst the best 10 large combustion plants 
within Europe, from an environmental point of view, given the low SO2 and NOx 
emissions per input and useful energy (Hjalmarsson, 1996). 
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Figure 12. Useful Energy (MWh), Total emissions (kg NOx), and Specific emissions (kg 
NOx/MWh) of Boilers 1 and 2, Mälarenergi  AB (Data Source: SEPA) 
 
The company claims that its units have been consistently ranked amongst the top 15 units 
in Sweden that are liable to the NOx charge, in terms of specific emissions, with the only 
exceptions occurring when the boilers (1 & 2) were used for short periods of production38. 
 
The same company has also recently invested in a new biofuel boiler. Environmental 
considerations are given as one of the three main reasons for investing in this boiler, and 
focus on the reduction of CO2 emissions thus achieved (by 1/3rd, as a result of the fuel 
switch)39.  Future savings on energy taxes, estimated by the company to be 100 million 
SEK a year, were said to be another major consideration, whereas the need to modernise 
the facility, given that certain sections dated back to 1963 was the third main reason 
given. 
In Sweden, energy and CO2 taxes are levied on fossil fuels, and thus, a fuel switch from 
coal and oil to biofuel, which is exempt from these taxes, entails major cost savings for 
the company itself as well as an opportunity to increase its competitive edge.  This does 
not signify that the NOx charge, and the cost savings that can be made by related pollution 
control, are of no importance. The NOx emissions of this new plant are reduced at source 
through the use of biofuel, and are further reduced by means of the SCR flue-gas cleaning 
technology the boiler is equipped with.  This new boiler had the lowest specific NOx 
emissions during 2001 of all the units liable to the charge, and the company received a net 
refund of over SEK 9,000,000 for this unit alone.  The company’s units are all net 
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beneficiaries in the scheme, demonstrating the principle that pollution prevention does 
pay.   
This unit can be classified as on the ‘ideal’ sustainable level, since it makes use of a 
renewable fuel giving rise to lower CO2 and NOx emissions. Furthermore it is equipped 
with state-of-the-art pollution-abatement technologies, and very low emissions per unit 
energy produced: 0.032kg/MWh40 compared to 0.238kg/MWh Boiler 1 used to emit in 
1992 – an improvement in efficiency by a factor of 7.  Although the charge cannot be said 
to have been a contributing factor to the decision to invest in this new unit, it most 
certainly appears to have been a factor for consideration in the equipment specifications.  
Overall improvement for the company is of course less than this, since three coal-fired 
units are still in operation, and the overall emissions are thus higher than those of the 
biofuel boiler alone.  However, the specific emissions of the company as whole were 
0.06kg/MWh in 2001, down from 0.238kg/MWh in 199241: a 75% reduction. This puts 
the company on an ideal sustainable level regarding NOx emissions.  
Thus, the charge can be said to have provided an economic incentive for the company to 
raise its environmental standards at the time of implementation. The higher standards 
introduced, as a result of the charge were not only maintained but also enhanced in 
subsequent investments.  This company, which can be viewed as a front-runner in the 
energy sector, appears to be progressively shifting itself onto an increasingly sustainable 
level, under the influence of various policy measures and corporate strategies.  
[Emissions data source: SEPA] 
 
 
6.5.2. Conclusion 
 
Generalisation on the dynamic effects of the charge cannot be done on the basis of a few 
individual cases.  However, the different levels of response noted indicate that the NOx 
charge on emissions from energy production undoubtedly focused attention on the issue 
and induced the companies to take pollution abatement measures, tailoring their reduction 
measures to suit the individual costs and priorities; these thus varied from low/no cost 
optimisation of combustion parameters to expensive pollution-abatement equipment.  
Emission reduction varied in correlation, and the companies’ present performance also 
varied from the ‘weak’ to the ‘ideal’ sustainability.  As pointed out, the company 
categorized on an ‘ideal’ sustainable level achieved an overall emission reduction of 75% 
and invested in a new unit using the less-polluting renewable biofuel. A number of factors 
were involved in the investment decision.   
The long turnover rates associated with energy production imply that the performance of 
all companies could very well improve, since the NOx performance of the equipment and 
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the effect of the charge was deemed to be a factor for consideration in future investments. 
The charge itself has a relatively limited scope, and was primarily designed to curtail 
emissions from existing installations in the present.  In this it has been successful, since 
the targeted emissions have been reduced by 40%, upgrading the targeted sector as a 
whole and improving efficiencies.  
However, given the significant investments needed to make the companies shift to a 
strong or even ideal sustainable level in the longer term, the synergistic effect of other 
complimentary policies can provide strong price signals for producers, and an added 
impetus for substantial changes such as investment in less-polluting fuels and equipment.  
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 7. The Dutch MINeral Accounting System (MINAS) 
 
7.1. Rationale for Selection  
 
This economic instrument was selected for a number of reasons.  Firstly, Dutch 
environmental policy has a reputation for being comparatively innovative.  For example, 
the National Environmental Policy Plan of 1988-89 is acknowledged as being one of the 
first and most comprehensive policy programmes towards sustainable development 
(Weale, 1992).  The action plan specifically states that the objective of the Dutch 
government is the ecological transformation of their society.  Such a transformation of the 
state, market and technology in response to the ecological crisis, said to occur according 
to the theory of ecological modernisation, does appear to be taking place within the 
Netherlands.  Indeed, the Dutch are recognised as being front runners regarding the 
implementation of ecomodernist approaches, and their embracement of the fundamental 
concept underpinning the prescribed programme of action, is illustrated in a report by the 
National Institute for Health and the Environment (RIVM, 2002a:5), 
 
“If the economy is to grow and if, at the same time, the pressure on the 
environment is to be reduced to a level within the carrying capacities of 
ecosystems, a vigorous environmental policy will be needed.” 
 
Such a decoupling of GDP growth with environmental damage seems to be occurring in 
the Netherlands, as illustrated by Figure 13 overleaf 
 
 
 
Figure 13. Environmental Pressure per Theme in Relation to GDP, 1985-2010.  (Source: 
RIVM, 2002a). 
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According to the fourth National Environmental Policy Plan (NEPP4, 2001), a 
continuation of this decoupling of environmental impacts and economic growth requires 
national government policy, focusing on the incorporation of environmental costs into 
prices.  With this in mind, and considering the commitment of the Dutch to adopt 
vigorous environmental policy, it was judged that recent examples would yield a state-of-
the-art case study, providing a policy design based on the ecomodernist approach to 
environmental problems, incorporating the use of economic instruments as one tool for 
internalising environmental externalities.  In addition, it was perceived that the selection 
would facilitate an assessment of the potential of economic instruments in a best-case 
scenario, displaying the design criteria, according to the theory of economic instruments, 
necessary to stimulate the establishment of more environmentally benign management 
practices and/or technologies.  Further reasons for selection are summarised below. 
 
• A significant reduction in the targeted sector’s emissions was achieved. 
• The instrument is aimed at pollution reduction within the agricultural sector in the 
Netherlands, which is regarded as being particularly environmentally damaging. It 
therefore tackles an important sector with regards to sustainability objectives.   
• It was designed specifically with the intention of generating a powerful monetary 
incentive on the target group.  Therefore, following economic theory, it was 
considered that resulting responses from the target group might be expected to be 
correspondingly large.  Thus, it was considered that the instrument exhibited the 
potential for spurring dynamic effects, thereby facilitating an evaluation of the 
design of the policy in this regard. 
• All these factors when taken together indicate that the Minas system may well be 
a well designed instrument producing the particular effects that are the subject of 
the study. 
 
 
7.2. Background to the Case Study   
 
Largely due to the unsustainable policies of the Common Agricultural Policy (CAP) 
introduced during the post-war period, which were designed to increase yields and self-
sufficiency, European agriculture has developed towards ever increasing intensification.  
Whilst the CAP was extremely successful in achieving its original target of substantially 
increasing agricultural yields, the industrial approach to farming, which it promoted, has 
resulted in widespread environmental damage.  The myriad of subsidies that constituted 
the CAP encouraged European farmers to adopt ever more intensive methods, including 
the draining of wetlands, the removal of hedgerows and the increasing use of artificial 
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inputs.  Awareness of the unsustainable nature of the CAP grew during the 1980s and 
1990s, which bore witness to over-production and the resulting mountains of various 
agricultural products, habitat and species loss and a number of high profile food scares, 
such as BSE.   
 
 
7.3. Unsustainable Nutrient Use 
 
The above-mentioned environmental problems are particularly pronounced in the 
Netherlands, which has amongst the worlds’ most intensive agricultural sectors.  The 
Netherlands has a very large livestock population compared to the size of the country, 
which results in a correspondingly high livestock density.  In fact, the 4.1 million cattle, 
13 million pigs, 108 million poultry and 1.3 million sheep present in the Netherlands 
results in the country being the most intensively livestocked in Europe, with an average 
national livestock density of 3.9 livestock units per Hectare (MANMF, 2001).  The sheer 
volume of manure produced by these animals constitutes a major environmental problem 
with excessive amounts of nitrogen, phosphate and ammonia produced (ibid, 2001).  
Whereas Nitrogen and Phosphate are essential nutrients for plants and animals, when 
present above certain levels, they cause specific environmental problems.  Nitrogen and 
phosphate are also found in artificial fertiliser and feed, as well as in organic fertilisers 
such as compost and sludge.  Indeed, due to its over-dependence on manure, fertiliser and 
artificial feed, agriculture in the Netherlands is the major contributor to nitrate 
contamination of groundwater, contributing almost 70% of the total nitrogen leached to 
surface waters, which directly threatens the quality of drinking water.  Furthermore, 
Dutch agriculture is responsible for over 40% of the domestic phosphate pollution of 
surface waters and 42% of ammonia emissions from domestic sources, attributable to 
manure, resulting in the acidification of the soil and eutrophication of nature areas (ibid, 
2001: 4).  On average, approximately 50% of the nutrients applied to crops are exported 
from agricultural fields in crop products, whilst the remaining 50% continues to be 
present on the field and it is this remainder that causes the pollution of ground and surface 
waters (Ecotec, 2001b).  This clearly illustrates the potential environmental benefits to be 
realised through a policy aimed at increasing nutrient use efficiency.   
 
 
7.4. Development of policy 
 
Dutch environmental policy targeted at tackling the negative impact of manure and 
artificial fertilisers has undergone three phases of development, which began in 1987 with 
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the MiAR (Nutrient Input) system.  Aimed at preventing an increase in the manure 
surplus, MiAR required farmers to keep a feed supply record, which facilitated 
assessments of manure production on livestock farms.  A second phase from 1990 to 1998 
involved attempts to significantly reduce the environmental burden of the manure surplus 
(MANMF, 2001).  However, these measures proved to be insufficient in achieving 
environmental objectives for a number of reasons.  The original minerals policy focused 
on reducing phosphate, which meant that nitrogen reductions were only an indirect effect 
of the instruments.  Also, policy was restricted to animal manure, thus ignoring artificial 
fertiliser.  Furthermore, previous regulations specified particular measures to be 
implemented by farmers and could thus be criticised for a lack of cost-effectiveness (ibid, 
2001).  In response to the ineffectiveness of these measures and the particularly pressing 
nature of the problem in the Netherlands, a more comprehensive policy design was 
sought, which resulted in the MINAS system being introduced in1998.   
 
 
7.5. The MINeral Accounting System (MINAS) 
 
The idea of mineral accounts was proposed by the Ministry of Agriculture, Nature 
Conservation and Fisheries in June 1993 and in 1998, MINAS was made compulsory for 
intensive livestock farms, these presenting the greatest burden on the environment.  In 
2001, the policy was extended to all farms.  MINAS represents the third phase in 
development of policy aimed at mineral surpluses, which has witnessed progressively 
tighter and more comprehensive standards and regulations over the years (MANMF, 
2001).  The intention of this phased implementation is to enable farmers to gradually 
adapt their management practices to the changing regulatory environment.  The 
compulsory mineral accounts system requires all farms (livestock farms, arable farms and 
horticultural establishments) to implement a book keeping system that records all nitrogen 
and phosphorous inputs and outputs and the difference between the two, that is the 
mineral surpluses (losses) to the environment, which are the cause of problems such as 
groundwater pollution.  Figure 14 below, illustrates the simple accounting formula behind 
the system. 
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more prone to nitrate leaching to groundwater.  MINAS was expected to be a significant 
improvement on previous polices as the system enables farmers to get a realistic insight 
into the actual amounts of nitrogen and phosphate entering and leaving the farm 
(MANMF, 2001).  Further advantages of MINAS include the fact that policy is no longer 
focused on phosphate alone but now explicitly includes nitrogen (ibid, 2001).  In addition, 
by targeting mineral surpluses, MINAS targets the true source of the problem and the 
instrument thus applies to animal manure, artificial fertilisers and other organic fertilisers, 
such as compost (MANMF, 2001).  This is particularly important, as the Netherlands 
cannot ensure that the nitrate pollution of the water will be cut to an acceptable level by 
regulating the use of livestock manure alone (Brinkhorst, 1999). 
The goal of the mineral accounting system is to achieve a nutrient balance on all farms, so 
that the input of nitrogen and phosphate matches demand.  However, a certain amount of 
minerals are inevitably released into the environment but this is taken into consideration 
with the levy-free surpluses.  Farmers are required by law to register with the levies office 
(Bureau Heffingen) and report their nitrogen and phosphate flows annually.   
 
 
7.6. Enforcement 
 
It is obligatory that farmers keep accurate records of their mineral inputs and outputs.  
This ‘minerals return’ is then submitted to the Levies office of the Ministry of 
Agriculture, Nature Management and Fisheries (MANMF) on an annual basis.  Amongst 
the inputs that must be included are details of nutrients supplied by animal feed suppliers.  
Indeed, farmers are required to purchase artificial feed solely from MINAS-approved feed 
suppliers.  The return must be accompanied by appropriate documentation of all inputs 
and outputs including receipts for shipments of livestock manure and laboratory reports 
stating the mineral contents found in samples of these shipments (ibid, 2001).  
Intermediary organizations, such as the feed suppliers, are also required to keep records of 
all products containing crude protein (nitrogen) and phosphorous supplied, on an 
individual farm basis.  Annual reports are then supplied to the farmer and a copy is sent to 
the Levies office.  These obligations are imposed to ensure the accurate registration of the 
chain of production, transport, storage and use.  Furthermore, farmers with more than 2.5 
livestock units per hectare are required to present audit statements in order to verify 
declarations.  This represents an additional enforcement measure, which is possible due to 
the connection between the farm’s financial administration and it’s mineral records, in 
that mineral inputs and outputs are usually a financial transaction (ibid, 2001).  In 
addition, the General Inspection Service carries out random or targeted inspections at 
farms. 
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7.7. The European Nitrate Directive and MINAS 
 
As the Netherlands is a member of the EU, it must observe legislation passed at this level.  
In the EU, Council Directive 91/676/EEC, better known as the Nitrate Directive, was 
implemented in order to protect water against pollution caused by nitrates from 
agricultural sources (EU, 1991).  The Directive obliges governments to reduce emissions 
from agriculture, through action and monitoring programmes, in order to ensure the safety 
of drinking water by reducing the level of nitrates (NO³) present, to within the maximum 
of 50mg per litre of groundwater, in line with the World Health Organisation (WHO) 
norms for drinking water quality.  These programmes involve the monitoring of all waters 
and the subsequent identification of zones vulnerable to agricultural leaching and the 
formulation of action programmes for such vulnerable areas, including restrictions on 
manure application (Frederiksen in Ondersteijn, 2002).  In line with the requirements of 
the Directive, the Netherlands has monitored groundwater bodies and levels of nitrates 
have been found to be on the increase, resulting in the entire country being classified as 
vulnerable, thus indicating that in all regions, agricultural production contributes to 
drinking water problems (Ecotec, 2001b).  Therefore, the MINAS system was introduced 
to ensure compliance with the Nitrate Directive and thus its main focus is the reduction in 
the level of nitrates in groundwater to the WHO adopted limit of 50mg nitrate per litre 
groundwater imposed by the Directive.   
 
 
7.7.1. The Tightening of Standards 
 
Initially, the EU did not accept MINAS as being sufficient for tackling the nutrient 
pollution of groundwater. This objection was based on dissatisfaction with the date of 
2008, when the target level of 50 mg nitrate per litre of groundwater was to be achieved.  
Furthermore, the levies were considered to be insufficient to act as an incentive to farmers 
to reduce their nutrient surpluses (Brinkhorst in Ondersteijn, 2002) and finally, MINAS 
did not include strict manure application regulations, as required by the Nitrates 
Directive.  In response, the Dutch government moved the date by which farmers must 
achieve the final levy-free surplus forward to 2003, whilst increases in the levies 
themselves were implemented.  According to Oenema et al (In Ondersteijn, 1998), if 
farmers meet the levy-free surplus, the maximum nitrate content for groundwater, as 
directed by the EU, will be met.  In order to address the stipulation for manure application 
standards, and also to satisfy further regulations included in the Nitrate Directive, the 
Dutch government implemented an additional instrument known as the Manure Transfer 
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Agreement System (MTAS), along with a number of restrictions regarding the subsequent 
application of manure.  
 
 
7.7.2. The Manure Transfer Agreement System (MTAS) 
 
In order to operationalise the regulations concerning manure application, the Netherlands 
introduced a Manure Transfer Agreement System (MTAS) in 2002, whereby the EU 
application standards for manure were introduced, 
 
Application standards in Kg N ha 2002 2003 
Grassland 300 25042
Arable land 170 170 
Land under maize 210 170 
 
 
Table 5. Application standards for nitrogen from manure (Source: MANMF, 2001:13) 
 
Therefore, MTAS represents the second instrument used to tackle the nutrient problem.  
The intention of the instrument is to establish a balance on the manure market between 
the manure produced and the available space on farms to place it.  In this respect the 
instrument should serve to support MINAS because when “manure supply far outstrips 
demand, the risk of fraud in mineral accounts increases” (MANMF, 2001:12) and 
therefore MTAS has been described as a “double safeguard” (Brinkhorst, 1999).  Manure 
production rights are granted to livestock farmers based on the available space for prudent 
placement of manure and the system permits farmers to keep livestock only as far as they 
can guarantee that the manure produced can be placed in an environmentally acceptable 
way (MANMF, 2001).  Farmers who produce too much livestock manure must dispose of 
their surpluses by entering into contracts with arable farmers or livestock farmers with a 
manure shortage, or manure processors and incinerators.  Ultimately, farmers who are 
unable to dispose of all of their surplus manure are faced with the stark choice of either 
reducing their livestock numbers or selling up.  The implementation of MTAS is 
predicted to lead to a considerable reduction in manure production and consequently, in 
livestock numbers (ibid, 2001).  In 1998, the Dutch government imposed a generic 
reduction of 10% in pig manure production rights at the farm level across the whole 
sector (ibid, 2001). 
Legislation is also in place, which stipulates certain periods during which farmers may 
not apply manure onto fields, as well as detailing specific application methods, which 
must be followed.  Thus, farmers are required to limit manure application to the spring 
and summer when the crop’s mineral uptake is high, thereby minimising nutrient 
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leaching.  The application of manure on sandy soils is forbidden between 1st September 
and 1st February in recognition of its susceptibility to nutrient leaching.  A permanent ban 
is placed on the application of livestock manure on frozen or snow-covered land, as 
minerals run-off fields and pollute surface waters during thaw and similar restrictions 
apply to slopes with a gradient greater than 7%.  Furthermore, to minimise the likelihood 
of farmers apply manure during restricted periods they are required to have adequate 
storage facilities, of sufficient capacity for 6 months (ibid, 2001).    
In accordance with the Directive, the Dutch government was required to implement the 
above legislation in addition to MINAS.  However, the MINAS system has a number of 
advantages over the Nitrate Directive and thus seems to be a better tool for achieving the 
primary goals of 50 mg nitrate/litre standard for groundwater and the prevention of 
eutrophication of surface water.  Firstly MINAS, rather than imposing uniform measures 
across the farming sector, leaves the decision as to the best method of tackling nutrient 
surpluses with the individual farmer, who is therefore free to respond in a manner that 
suits his particular skills and farm characteristics.  MINAS thus represents a target-
oriented regulation as opposed to the measure-oriented approach of the Nitrates Directive.  
In addition, whereas the Nitrates Directive focuses on the input of nutrients through 
manure, MINAS targets surpluses, which are the real cause of the environmental problem.  
Finally, through focusing on surpluses, MINAS also encompasses additional nutrient 
inputs besides manure such as, nitrogen fertiliser and artificial and natural feedstuffs.   
 
 
7.8. Environmental Targets 
 
The Dutch government has developed a series of environmental targets as a framework to 
guide policy aimed at combating the environmental pollution caused by manure and 
fertilisers.  The ambitiousness of these targets, illustrated in figure 15 below, reflects the 
apparent dedication on the behalf of the government to tackle the various problems.   
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phosphate, 
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Groundwater quality targets 
Nitrogen: 50mg nitrate per litre (WHO)
                25mg nitrate per litre (target) 
Phosphate: 0.15mg per litre 
Emission reduction targets (North Sea)
Nitrogen: 50% reduction compared to 
1985 
Phosphate: 50% reduction compared to 
1985 
Surface water quality targets 
Nitrogen: 2.2mg total N per litre for 
standing water susceptible to eutrophication 
Phosphate: 0.15mg total P per litre for all 
waters 
Figure 15. Environmental Targets for Nitrogen and Phosphate (Source: MANMF, 2001) 
 
In particular figure 15 illustrates the more stringent nationally imposed groundwater 
quality target of 25mg nitrate per litre, compared with the 50mg per litre required by the 
Nitrate Directive.  A reduction in the levels of nitrates in surface and groundwater 
represents the main aim of MINAS, reflecting the possible dangers to Human health, 
which necessitate the thorough cleaning of drinking water.  The costs of drinking water 
purification are high and represent an end-of-pipe measure, whereas MINAS is aimed at 
the prevention of the problem.   
 
 
7.9. Assessment of Design 
 
The MINAS system is an example of a policy designed in accordance with eco-modernist 
thinking.  In response to the ineffectiveness of the command-and-control approach that 
was predominant during the 1970s, economic instruments were proposed as an 
alternative, which had the advantage of being the most efficient and effective measures 
 90
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for reducing pollution (Baumol and Oates, in Andersen et al, 2001).  Thus, the MINAS 
system is designed with the core aim of increasing the efficiency with which Dutch 
farmers handle minerals on the farm.  This basic design reflects the approach favoured by 
ecomodernists who suggest that over-consumption of resources within the industrialised 
countries can be overcome by drastic increases in eco-efficiency.  This increase in eco-
efficiency is achieved through a particular set of policies, the aim of which is to facilitate 
the integration of environmental considerations throughout the institutions of society.  
These policies, in turn, favour the use of certain market-based instruments; drawing on 
the theory underpinning the discipline of environmental economics, for achieving 
environmental goals, such as the polluter-pays-principle and the internalising of 
externalities.   
Through the application of a tax to the polluting activity, the instrument is perceived as a 
steering mechanism for directing polluter’s behaviour along more environmentally benign 
pathways.  Such a premise assumes that targeted actors behave in an economically 
rational manner and that therefore the higher the economic incentive provided by the 
charge, the greater the response that can be expected from the targeted group.  In order to 
avoid paying the tax, in this case the Dutch farmers, in line with economic theory, will 
implement to some degree technical, technological changes and/or innovation at the farm 
level in order to increase the efficiency with which they use nutrients.  Thus, technology 
is identified as a key factor in environmental problems, not to mention economic growth; 
requiring governments to formulate policies that can influence individual firms to 
implement ‘greener’ technical, technological changes and innovation, the accumulative 
effect of which is the shifting of industrial sectors onto more environmentally benign 
trajectories.   
 
 
7.9.1. Design   
 
Strictly speaking the MINAS system is a tax, in that the revenues raised are destined for 
the governments general budget; they are not earmarked for a specific purpose (Ecotec, 
2001b).  By definition, a charge implies the earmarking of the revenues generated.  The 
terms tax and charge are often used interchangeably in the literature to mean a levy 
imposed on each unit of pollution, regardless of the final destination of the funds.  This is 
then the meaning given to both terms in the following discussion.  Initially, it may seem 
that a tax on fertiliser products would be the most appropriate method of tackling this 
particular environmental problem, however the problem of nitrate pollution from 
agriculture provides a classic example of the difficulties involved in addressing diffuse 
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pollution through ‘first-best’ instruments (Ecotec, 2001b:129).  According to a study 
undertaken on behalf of the European Commission,  
 
“Taxing nitrate itself is not an efficient solution since the problem, which the 
instrument seeks to address; emissions to various media, is related to the 
application of nitrate in rather complex ways…Ideally, one taxes not nitrate 
per se, but that proportion of nitrate that is applied which causes the pollution 
of surface and ground waters, in other words the surplus of nitrates” (Ecotec, 
2001b:129). 
 
Furthermore, according to Rougoor (2001:16), “Perhaps the best available system for 
reducing all nitrogen emissions is introducing a nitrogen balance on every farm.”  Such a 
system is, according to Rougoor, “superior in terms of the environment, economy and 
fairness.”  Therefore, with these endorsements of its basic structure pertaining to target 
surpluses, the aim of the MINAS system is to reduce emissions of nitrate and 
phosphorous in line with the Nitrate Directive, which states that the nitrate content of the 
upper groundwater may not exceed 50 milligrams per litre in accordance with World 
Health Organisation norms for drinking water quality.  The MINAS system is therefore a 
standard and charge system, whereby the standard set for nutrient surpluses, in this case, 
reflects certain scientifically determined environmental threshold levels for the acceptable 
nitrate content of the upper groundwater, reflecting the environment’s carrying capacity.  
The concept underpinning this method is, where possible, to restrict economic activities 
within ecological limits and thereby any further development will by definition be 
environmentally sustainable.  There is a “relationship between nutrient surpluses and N 
concentrations in groundwater” (Ondersteijn, 2002:157).  This is illustrated by the fact 
that Dutch agriculture is responsible for 70% of the contamination of groundwater by 
nitrates (MANMF, 2001:4).  Therefore, it seems likely that substantial reductions in 
mineral surpluses on an individual farm basis will provide parallel reductions in the levels 
of nitrate present in groundwater.  In order to realise this aim, a sufficiently high levy on 
mineral surpluses is implemented to ensure their reduction to this threshold level. 
According to Wallart (1999:57),  
 
“The charges and standards approach is a practical and cost-effective 
method for achieving an environmental goal.” 
 
Such a goal can either be an approximation of the Pigouvian optimum, which is unknown 
or, as in the case in point, a sustainability objective i.e. the reduction of the level of 
nitrates.   
This method provides a feasible solution to the problem of calculating the marginal 
damage at the optimal production level (Wallart, 1999).  Baumol and Oates (1971:162) 
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have also suggested the possibility of using a “standard-pricing procedure”, whereby the 
charge is used as an incentive to reach a particular standard preset by the authorities.  
Such a design was proposed in order to avoid the problem of having to calculate the 
precise damage delivered upon the environment (Andersen, 1994).  Instead of basing 
these preset standards on an approximation of the Pigouvian optimum, the standards can 
be based on calculated environmental threshold levels to reflect various sustainability 
goals.   
The regulating body initially establishes a charge rate on the mineral surpluses on 
individual farms with the intention, on a national level, of reducing the overall level of 
nitrates present in groundwater in accordance with the Nitrate Directive.  As previously 
mentioned, the levy should be high enough to be effective in attaining environmental 
standards.  However, a levy, which is set too high, overcompensates for environmental 
costs, which can lead to undesirable changes in trade patterns (Ecotec, 2001b).  The 
regulating body then observes the effectiveness of the charge at reducing the pollution 
levels and if the levy is too low it is increased incrementally, whilst the levy-free surplus 
is reduced, until the goal is achieved43.    For each adjustment of the charge and levy-free 
surplus, policy makers only require information regarding the present pollution levels, 
which is relatively straight forward to calculate, in contrast to the complex information 
required to implement a Pigouvian tax (Wallart, 1999).  In criticism, MINAS provides no 
monetary incentive for farmers to continue to reduce their mineral surpluses beyond the 
final levy-free surplus of 2003.  Once this point has been reached, there exists no 
economic reason, at least none provided by the charge, for farmers to continue to 
implement changes aimed at further reducing mineral surpluses.  This emphasises the 
importance of setting environmental standards, which ensure a safe environment, as a 
levy-system does not provide any financial incentive to exceed the standards.    
 
In the Netherlands, the MINAS levy system is imposed on all emissions above a 
predetermined levy-free surplus per hectare and applies to all farms regardless of their 
production.  Table 4, clearly shows how this is progressively lowered over time whilst the 
charge itself is progressively increased.  This mechanism thus provides a continuous 
economic incentive for farmers to increase mineral efficiency in order to minimise their 
surpluses and hence the levy imposed.  This incentive to reduce mineral surpluses, 
according to the theory of economic instruments at least, then translates itself into 
changed management practices and/or the introduction of technologies, such as the 
adoption of mechanised feeders that reduce feed spillage.  According to Opschoor et al 
(1994:106),   
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“Economic instruments provide an incentive the significance of which 
depends on the elasticities that operate on behaviour (price elasticities, 
substitution elasticities, income elasticities), on the strength of the signal 
given (e.g. the level of the charge), and on the availability of substitutes or 
alternative actions.” 
 
So to what extent can incentive effects be expected from the MINAS system, based on 
these criteria?  Firstly, demand elasticities do not apply to this situation because the 
charge is levied, not on fertiliser products but on mineral surpluses.  Furthermore, the 
charge makes it difficult to avoid through the use of substitutes, as would be the case if 
the levy were imposed upon fertiliser products, because pollution itself is targeted 
(Ecotec, 2001b).  A tax on artificial fertilizers is unsuitable because farmers are able to 
avoid paying the tax firstly, by substituting purchased fertilizer with manure and 
secondly, by reducing inputs of artificial fertilizers.  However, a reduction in the use of 
artificial fertilizer does not guarantee a reduction in the amount of nitrates and 
phosphorous leached into the environment because the farmer can still be inefficient with 
regards to their use.  Therefore, the charge level becomes the crucial determinant in the 
significance of the incentives provided to farmers by the policy.   
 
 
7.9.2. The Strength of the Financial Incentive  
 
According to the Dutch Ministry of Agriculture (MANMF,2001), the levies imposed on 
surpluses above the levy-free standard are very high, in order to persuade farmers to take 
measures to reduce their losses.  This financial incentive provides the mechanism through 
which the environmental goal of the policy is hoped to be achieved.  A study conducted 
by Ondersteijn (2002), which was based on a three-year study called Farm Data in 
Practice (Project Praktijkcijfers, 1997-1999) involving 240 Dutch farms representing a 
spread of farm and soil types over the Netherlands, sought to determine the feasibility of 
reaching the levy-free surplus of 2003 for the sampled farms, the percentage of farms 
exceeding the final 2003 levy-free surplus and calculated their average levies to be paid, 
average yearly surplus per hectare and nutrient use efficiency.  Table 6 below displays the 
results, 
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 Dairy Dairy + 
IL* 
Dairy + 
Arable 
Arable Arable + 
IL 
      
% > LFS ‘03 98% 100% 100% 33% 67% 
      
Levy € / ha  186 192 166 218 160 
      
Nutrient Efficiency N P N P N P N P N P 
           
Surplus kg/ha 313 54 344 54 285 51 77 19 231 43 
           
NUE 24 45 42 65 35 56 73 82 66 79 
           
 
*Intensive Livestock 
 
Table 6. 3-year figures relating to farm sectors showing the percentage of farms exceeding 
the 2003 LFS, the average levy per ha, the average nutrient surplus and the average nutrient 
use efficiency (Adapted from: Ondersteijn, 2002).  
 
As illustrated in Table 6 above, if no action is taken then most farms will fail to achieve 
the final levy-free surplus for 2003 and will therefore incur fines, the severity of which 
will threaten financial viability.  For example, fines could be as high as over €800 per ha 
and over €45,000 in total for certain individual farms (Ondersteijn, 2002:34).  The 
imposition of the levies results in a reduction in the gross margin for farms. The average 
reduction across the 240 farms was 8% (ibid, 2002:34).  Furthermore, it is expected that 
several thousand farmers will be forced to sell up (MANMF, 2001).  Table shows that, of 
the various sectors within agriculture, arable imposes the least burden on the environment 
with regards to nutrient leaching.  This is due to the absence of livestock and the resulting 
manure.   
With regards to the efficiency of nitrogen and phosphate use, those farms that had high 
mineral surpluses also had a low nutrient use efficiency, thus demonstrating that the final 
levy-free surplus of 2003 can best be achieved through changes in management practices 
aimed at increases in nutrient efficiency.  Such management adaptations would include 
greater accuracy with regards to the timing of fertilisation along with a matching of 
fertilisation and feeding to the needs of the crop and animals (RIVM, 2002a).  Ideally, 
closed nutrient cycles are established, whereby the farmer need not rely on purchased 
feed or fertilisers but is able to satisfy nutrient needs from manure produced on-farm.  
Furthermore, due to the short-timescale within which the final standard is to be achieved, 
those farmers that have the highest surpluses may be forced to administer more radical 
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farm changes, such as restructuring (the reduction in livestock numbers, or selling up), if 
they are unable to reduce their surplus through the manure transfer system (ibid, 2002a). 
Having ascertained that the monetary incentive to reduce mineral surpluses provided by 
the charge is high, economic theory would then expect farmers to respond by reducing 
their mineral surpluses in order to avoid paying the tax. 
 
 
7.10. The Environmental Effectiveness of MINAS 
 
The effectiveness of the policy should be judged against its design objective, to stimulate 
Dutch farmers to reduce mineral surpluses to the final levy-free surplus of 2003 and 
thereby achieve the safe drinking water standard of 50 mg nitrate per litre of groundwater.  
According to Oenema et al (In Ondersteijn, 2002), if farmers meet the levy-free surpluses 
of 2003, the maximum nitrate content for groundwater as directed by the EU will be met.  
However, it may take some years before a reduction in the level of nitrates in 
groundwater is registered, as Nitrate leaching into groundwater (15-30cm) can take years.  
According to the RIVM (2002a), a continued increase of nitrates in groundwater is 
expected as a lagged result of the high levels of nutrient use during 1980-1990, before a 
decrease will become visible, thereby facilitating an assessment of the environmental 
effects of MINAS.  When considering the effectiveness of policies, such as the Minas 
system, in achieving environmental goals it should be remembered that such instruments 
rarely stand-alone and are often a component of a larger policy mix designed to be 
mutually supportive with a common environmental target.  This is certainly the case with 
the Minas system, as it exists alongside a number of other measures designed to reduce 
mineral surpluses and indeed it has been described as a “package deal” (Ecotec, 2001b).  
It is therefore not possible to simply assume any subsequent environmental improvements 
derive solely from the instrument.  This then raises the problem identified by Jänicke 
(2001): how to isolate and analyse the cause and effect of individual instruments in a 
mix?  As already discussed, at certain times of the year it is not permitted to apply manure 
and the working in of manure is compulsory.  Furthermore, by limiting the amount of 
manure that can be applied per hectare of land, MTAS will result in a reduction of manure 
produced, which will contribute to the effectiveness of the overall measures aimed at the 
reduction of mineral losses44.  However, despite a reduction in the amount of manure 
produced on an individual farm basis, farmers are still in a position to be able to use 
manure inefficiently.  Indeed, providing the surplus standards for MINAS are strict 
enough, which they appear to be, the input standards under MTAS should not be 
necessary.  Therefore, MINAS is considered to be the most effective policy for solving 
the nutrient pollution problem (Ondersteijn, 2002:39). 
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 Reference to published data into the effect of the implementation of the MINAS system 
on the level of mineral surpluses will both establish whether Dutch farmers are responsive 
to price signals and also the effectiveness of the policy in achieving its aim.  The 
instrument was expected to be effective as the intention of its built-in price incentive was 
explicitly to generate environmental gain, which is not always the primary aim of such 
policies (Ecotec, 2001b), through changing the behaviour of farmers. 
According to De Hoop (In Ondersteijn, 2002), nitrogen surpluses have halved in 
1999/2000 compared to 1986/1987.  Whereas excess nitrogen remains a persistent 
problem, there has been a decline in the nutrient surplus in the Netherlands as a whole and 
it is predicted that the introduction of MINAS will continue this reduction and ensure a 
steady decline in nitrate levels in the top layers of groundwater and consequently in 
deeper groundwater (RIVM, 2002a).  Furthermore MINAS, together with closure 
schemes, has resulted in a contraction of the national herd, along with a corresponding 
reduction in the amount of manure produced, and an increase in nutrient efficiency (ibid, 
2002a).  This reduction in the production of manure both reduces mineral surpluses and 
lowers ammonia emissions.  Table 7 further supports these claims, 
 
 1986 1990 1995 1998 1999 2000 
Total Manure Production, billion Kg 94.2 86 81.8 76.1 74.7 71.8 
       
Total nitrogen in fertiliser, million Kg 
 
500 400 406 403 383 339 
Total phosphate in fertiliser, million Kg 81 74 62 71 65 62 
 
 
Table 7. Total Manure Production, Total Nitrogen/Phosphate in Fertiliser (million Kg) 
(Source: RIVM, 2001c). 
 
Table 7 Shows the total manure produced in the Netherlands from the peak period of 
1986 until 2000.  The reduction in manure produced since 1986 can be attributed to a 
reduction in the size of the national herd.  Since 1986 manure production has fallen by 
24% (RIVM, 2002c). Furthermore, with regards to artificial fertilizer use, intensive 
information campaigns and fertilizer recommendations have contributed to a substantial 
reduction in their use with farmers improving their use of manure as a substitute 
(MANMF, 2001).  Between the peak year of 1986 and 1998, the use of artificial fertilizer 
dropped by 20%.  The introduction of MINAS in 1998 led to a further drop in use during 
the year and by 2001, artificial fertilizer use had reduced by more than 30% compared to 
1986.    
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Figure 16. Environmental Pressure from Agriculture and Horticulture 1980-2000 (Source: 
RIVM, 2002c). 
 
As illustrated by figure 16, between 1980 and the late 1990s, nitrogen emissions to the 
soil reduced by only 9%, with significant variations over time.  In the same period 
phosphate emissions fell by 28%. However, according to the RIVM (2002c), provisional 
figures for 2000 indicate a drop of 27% in nitrogen emissions and 39% in phosphate 
emissions compared to 1980 levels. More than half of the sharp fall in nitrogen emissions 
between 1999 and 2000 was caused by reduced use of nitrogenous fertilizer (ibid, 2002c).  
Other factors relating to the fall are lower levels of manure excretion and the weather. 
Figure illustrates that in 2000, following the introduction of MINAS, there was a 
substantial drop in nitrogen emissions for the first time in twenty years (ibid, 2002c).  The 
reduction in nutrients present in the groundwater will result in a reduction in the costs of 
water treatment.  At present (1999), these amount to approximately €22,700,000 per 
annum (Brinkhorst, 1999).  The reduced impact on ecosystems cannot be quantified in 
monetary terms.  Furthermore, it is interesting to note that an overall objective of policy 
in this sector is the reduction of emissions in combination with rising GNP, which was 
achieved during 1999.  
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Type No. of declarations P surplus Kg/ha N surplus Kg/ha 
 1998 1999 1998 1999 2000 1998 1999 2000 
         
Arable 
 
1362 2450 10 14 3 75 94 57 
Extensive 
mixed 
930 1422 15 16 10 112 135 105 
Extensive 
milk 
2272 3133 15 17 10 216 237 185 
Intensive 
milk 
8719 8878 22 21 16 244 277 223 
Intensive 
livestock 
7707 7239 30 20 14 268 292 207 
Poultry 
(Laying) 
1151 1232 -63 -129 -89 705 604 391 
Poultry 
(Broilers) 
1545 1521 -109 -44 -39 511 520 414 
Pigs 
 
11615 9958 111 32 15 523 445 425 
Total 35399 35932       
         
 
Table 8. Results of detailed declarations for farms 1998-2000  (Source: RIVM, 2002b: 47). 
 
Table 8 shows a decrease in the surpluses of both phosphates and nitrates within all 
agricultural sectors for the first three operational years of MINAS.  Table 8 shows that the 
poultry and pig production sectors represent the largest burden on the environment in 
terms of nitrogen surpluses.  These sectors are particularly intensive, with sizeable 
populations being kept on little land, which results in a high nutrient surplus per hectare.  
There has been an impressive reduction in the total phosphorous surpluses in the pig 
production sector (85%), which can be partially attributed to better-balanced feed (RIVM, 
2002c) and to a reduction in the number of declarations.  A further substantial reduction 
can be noted in nitrogen surplus amongst laying hens, which equates to approximately 
45%.           
The total levies charged for the year 2000 were 40% lower than in 1999, indicating a 
reduction in taxable surpluses (RIVM, 2002b).  This would suggest that the levy rate has 
provided an adequate monetary incentive to the farmers and that the policy was designed 
with the intention of achieving an environmental goal rather than simply generating 
additional state revenue.  This then confirms that farmers are responsive to price signals 
and that they must have implemented changes in farm management to varying degrees, 
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which have led to an increase in their nutrient efficiency and hence a decrease in their 
mineral surpluses.   
 
7.11. The Potential Responses of Farmers 
 
According to the strategic management model (David In Ondersteijn, 2002), the farmer 
first decides on his reason for farming, which is translated into objectives, based on the 
strengths and weaknesses of the business, which are then achieved through the pursuit of 
a particular strategy operationalised by management practices and tactics. A study by 
Ondersteijn (2002) into the response of 72 dairy farms to the introduction of MINAS over 
a three-year period showed the existence of a hierarchy of management measures 
implemented to increase nutrient efficiency and hence reduce the farmer’s exposure to the 
tax.  Farmers will attempt to reach the levy-free surplus by first optimising operational 
management; that is by increasing the accuracy of nutrient use. Operational management 
alterations are characterised as being low-cost and low-risk and are therefore the most 
appropriate measures to take if only a relatively small reduction in mineral surpluses is 
required to meet the final levy-free surplus of 2003 (ibid, 2002). Such measures can 
probably be expected to be sufficient for arable farmers who, due to the absence of 
livestock, impose a lesser nutrient burden on the environment. Through these steps 
nutrient efficiency can be increased, however, certain farmers may not possess the 
relevant skills necessary for their implementation and therefore they will look to tactical 
changes, defined as a reduction in nutrient inputs to the farm.  If both operational and 
tactical measures are insufficient, then farmers may have no option but to reconsider their 
overall farm strategy and implement structural changes to the farm (Ondersteijn, 2002) as 
illustrated in table 9, 
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Nutrient Management Measure 
  
Operational Management 
Improve feeding and grassland management 
Improve N utilisation of organic manure 
 
Tactical Management 
Reduce number of young stock 
Change grazing system to less intensive grazing 
Reduce protein level in concentrates 
Reduce P level in concentrates 
Reduce N fertilisation from inorganic fertiliser 
Reduce P fertilisation from inorganic fertiliser 
Decrease grass to maize ratio 
Decrease amount of concentrates per cow 
 
Strategic Management 
Decrease farm intensity 
Increase milk production  
Switching to organic farming 
Discarding pig and/or poultry and/or dairy farming 
 
 
 
 
Table 9. Potential management practices implemented to reduce mineral surpluses (Source: 
Ondersteijn, 2002: 148). 
 
By way of explanation, decreasing the grass to maize ratio has a beneficial effect on the 
mineral surplus because maize utilizes nitrogen more efficiently.  Replacing 20 to 25 % of 
grassland by silage maize reduces the nitrogen surplus by approximately 50 kg per ha 
(Teenstra, 1997).  Increasing milk production per cow results in fewer cows, fewer young 
stock, and hence lower costs making it an attractive option.  However, such a course of 
action may well have negative effects on the welfare of the cow as, in recent years, 
increases in production have to a certain extent resulted in increases in metabolic diseases 
(Hanlon, 2000). 
MINAS is considered to be cost-effective as, through targeting surpluses, it allows 
farmers to decide for themselves what measures are most suitable for tackling the mineral 
losses within their operations as efficiently as possible (MANMF, 2001).  Thus, they are 
given an incentive to balance the costs related to the various measures, against the 
decrease in mineral losses and the resulting decrease in levies to be paid.  In this way the 
system promotes the most cost-effective measures rather than farmers being forced to 
comply with general measures that may be ineffective in their specific situation and 
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therefore also avoiding forcing farmers to implement certain practices of which they have 
little knowledge or skills.   
 
 
7.12. Possible Design Problems 
 
The apparent effectiveness of the MINAS system seems to suggest that the common 
design problems, as identified by Andersen (2001), that can be emerge during the policy-
making process, and that can result in the sub-optimal design of the instrument, have been 
avoided.  Environmental economics does not take into consideration the various interests 
that can influence decisions during this stage of policy development.  Firstly, Andersen 
(2001:36) describes a “Fiscal syndrome”, whereby the government sets the tax rate 
according to fiscal requirements instead of a desired environmental target.  As already 
discussed, the fact that the total levies charged for the year 2000 were 40% lower than in 
1999, indicates a reduction in taxable surpluses, and that the policy was designed with the 
intention of achieving an environmental goal, rather than simply generating additional 
state revenue.  The “Baker-master syndrome” (ibid, 2001:36) occurs when exemptions are 
granted to the largest polluters, which can take place due to effective interventions from 
powerful lobby groups.  This cannot be said to have occurred in the MINAS case, indeed 
the largest polluters receive correspondingly large levies.  The “Twist syndrome” (ibid, 
2001:36) is related to the Baker-master syndrome and involves the watering-down of the 
tax, or the shifting of the tax, for example from mineral surpluses onto fertilisers, again 
due to the influence of powerful interests.  Certainly, the latter has not occurred, with the 
tax targeting the mineral surplus, which is the actual cause of the pollution.  The Dutch 
farmers union is almost certainly a powerful lobby group within the Netherlands but 
whether they had any bearing on the final design of MINAS is unknown.  The initial levy 
rates under MINAS were deemed to be insufficiently high to provide an incentive for 
farmers to reduce their nutrient surpluses according to the EU (Brinkhorst in Ondersteijn, 
2002).  However, whether this was due to effective lobbying, or simply due to a failure 
amongst policy makers to calculate an appropriately high levy is unknown.  There is no 
evidence of the “Linkage syndrome” (ibid, 2001:38) taking place, which refers to a 
situation in which those liable for the tax manage to gain a refund, known as a feebate, 
which matches the original amount paid in tax.  The “Agent syndrome” (ibid, 2001:38) 
occurs as a result of the responsibility for collecting taxes being given to an authority, 
which lacks the experience to perform the function.  It is not possible to conclude whether 
the Levies Bureau has the necessary competency to collect the tax base raised through 
MINAS.  However, according to Statistics Netherlands (2002), during 2000, farmers were 
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required to pay nearly 50 million euros in levies and by March 7th 2002, only 18% of this 
amount had been received.      
      
 
7.13. Potential Barriers to Appropriate Responses  
 
Because Dutch farmers behave as rational actors in response to MINAS, coupled with the 
fact that there exists a variety of management practices that can be relatively easily 
implemented on the farm, the assumption made by environmental economics that 
economic instruments, through the incentive provided by the charge, lead to the adoption 
of improved management techniques and technologies within target groups as they seek 
ways to minimise their exposure to the tax, proves to be correct.  
In this respect MINAS appears to fit neatly into the theoretical model provided by 
economics, that relies on the strength of the charge to stimulate technical, technological 
change and innovation but in this respect MINAS does not necessarily reflect a normal 
sequence of events as economic theory fails to consider other factors, as identified by 
Hogg (In Andersen 2001:181), that can impede a target’s decision to respond 
appropriately.  There follows a brief discussion of these issues and their relevance in the 
context of MINAS, which serves to further explain the rational response of farmers.  
Firstly, Hogg attributes some importance to the seniority of management dealing with the 
cost factor affected by the tax.  In the case of MINAS, the target groups are mainly family 
businesses in which the farmer and his/her family are at the same time entrepreneur, 
manager and main labour force of the farm (Ondersteijn, 2002).  The decision to respond 
to MINAS therefore lies with the most senior management, ensuring that it receives the 
attention of those most capable of initiating action.  The size of the levy relative to the 
total costs of the firm has already been established; the conclusion being that it represents 
a substantial proportion that warrants the implementation of measures to reduce exposure 
to the tax.  The remaining issues raised by Hogg relate to the knowledge possessed by 
firms concerning appropriate techniques and technologies and the existence, or otherwise, 
of the skills necessary to perform or use such techniques and technologies respectively.  
These issues are certainly relevant in the case of MINAS and will be examined in the next 
section. 
 
 
7.13.1. Dissemination of Information 
 
The spread of knowledge and information is considered to be a key determinant in the 
success of the instrument. Until the end of 2003 the Dutch government will be providing 
an extensive demonstration and information programme, which has been described as a 
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nutrient management “information dissemination” pyramid (Oenema et al in Ondersteijn, 
2002:156).  This is to facilitate the diffusion of agricultural best practice and is composed 
of the experimental farm, DeMarke, the project Cows and Opportunities and the project 
Farm Data in Practice (FDP) with the remaining dairy farms at the base of the pyramid.  
According to a survey (Ondersteijn, 2002:156), 83% of farmers within the FDP project 
indicated that they had learnt a lot through participation, with more planning and more 
accurate management being mentioned most often.  The provision of demonstration 
projects to stimulate good agricultural practice is necessary to ensure farmers are 
equipped with the necessary knowledge and skills to respond appropriately to the policies, 
thereby effectively removing one of the barriers to technical and technological change 
identified by Hogg (In Andersen, 2001).  This then maximises the potential of the 
economic instrument to spur appropriate responses within the target group.  
 
 
7.14. Sustainability 
 
Table 10 overleaf, is a conceptual framework to facilitate an assessment of the 
management responses of farmers to Minas, with regards to the magnitude of change 
introduced and the degree of sustainability based on reductions of mineral surpluses.   The 
left-hand column is a ladder of increasing sustainability with levels progressing from zero 
to five, from unsustainable to ideal sustainability.  The next column provides the generic 
responses of farmers in increasing degrees of scale, whilst the third column is an attempt 
to classify the management options that are available to the farmers, in terms of their 
perceived effectiveness in reducing nutrient surpluses.  Finally, column four provides the 
related reductions in mineral surpluses.  Initially, this was intended for use within 
interviews in order to assess the extent of the responses made by individual farmers to 
MINAS.  It was hoped to establish a link between the charge and the decision of farmers 
to continue to implement technical changes, which reduce their mineral surpluses beyond 
the final levy-free surplus.  If it was established that MINAS had stimulated certain 
farmers to continue reducing surpluses then the significance of the charge becomes 
greater, as it will have produced a deeper level of response, one that might be categorized 
as ideal sustainability.  If the instrument performs as expected with all farmers reducing 
their surpluses to the final levy-free standard, then it might be said that the policy will 
have achieved a result that can be classified as strong sustainability, as the amount of 
nitrates present in groundwater will in time, reduce to the WHO safety limit of 50 mg 
nitrate per litre of groundwater.  At the time of writing there was no data available as to 
the mineral surpluses of the sector as a whole for 2003 and therefore, it was not possible 
to conclude whether the instrument had achieved its design objective. 
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Theoretical Framework for the Assessment of Dynamic Effects, Actor Response / Minas 
 
Degrees of 
Sustainability 
General Actor Response Implemented management practices/ technologies Resultant On-farm Reductions in 
Mineral Surpluses 
 
Level Zero  
 
 
The farmer acts illegally 
 
Falsifies documents 
 
No reduction, or increase in surplus 
Level One 
Unsustainable 
 
No response. Simply pays tax. Continues unsustainable use of N and P. No reduction 
Level Two 
Unsustainable  
 
 
Reduces use at the margin. No 
significant change in technology or 
technique 
Pay for the removal of manure. 
More prudent use of N and P, avoids spills etc. 
Rent land to spread surplus over larger area. 
 
Slight reduction in mineral surpluses 
Level Three 
Weak 
sustainability 
 
 
Reduces exposure to the tax without 
major changes in the production 
technique 
Substitute artificial for organic sources.  
Reduces application of N and P in form of artificial 
fertilisers / feed and manure. 
Grassland to silage maize utilises N more efficiently. 
 
 
Moderate reduction in mineral 
surpluses 
Level Four 
Strong 
sustainability  
 
 
 
Makes use of existing cleaner production 
techniques employing different 
technologies. Reduces exposure to the 
tax by reduced input. 
Use advanced fertilization techniques 
Optimize tillage, irrigation and drainage 
Match N and P supply with crop demand 
Close N and P flow cycles. Maximise recycling of 
nutrients within farm. 
Change grazing system, bring in livestock at night     
 
Reduces mineral surpluses to the 
final levy-free standard of 2003 
Level Five 
Ideal 
sustainability 
Adoption of extensive agricultural 
practices, minimising artificial inputs. 
Conversion to Organic, biodynamic farming or 
implements a significant number of the above 
techniques/technologies in combination.   
 
 
Reduces mineral surpluses beyond 
the levy-free surplus 
Table 10. Framework to assess the degree, in terms of levels of sustainability, of the responses of farmers to Minas (Adapted from: Hogg, 2001).
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7.15. The Animal Feed Sector 
 
The animal feed sector has been affected by the government’s determination to tackle the 
nutrient surplus problem.  MINAS imposes the requirement for livestock farmers to 
purchase their animal feed from MINAS-approved suppliers and stipulates certain 
obligations from both parties.  Suppliers have the duty to create feed supply records and 
annual feed reports on all livestock farmers, which are sent to the Levies Office (Bureau 
Heffingen) of the MANMF.  The livestock farmers must keep these reports for a period of 
seven years.  Furthermore, suppliers are obliged to label the crude protein (nitrogen) and 
phosphorus content of feed per delivery.   
MINAS applies to all livestock farms and therefore, in order to be able to continue to 
supply their customers, animal feed suppliers must become MINAS-approved.  The levies 
imposed on nutrient surpluses make it desirable for farmers to obtain feed, which has a 
lower content of crude protein (nitrogen) and phosphorous.  Therefore, it would seem 
reasonable to suggest that animal feed suppliers would respond to the changed 
requirements of their customers and alter the composition of feed accordingly.  Indeed, 
according to the RIVM (2002c), both the nitrogen and phosphate present in manure has 
decreased since the peak year of 1986.  In recent years the gains in this respect are due to 
better-balanced feed.  For example, changing the composition of pig feed has reduced the 
concentration of phosphate in pig manure by 30% (ibid, 2002c). 
 
 1986 1990 1995 1998 1999 2000 
Total nitrogen in manure, million Kg 
 
1,042 927 930 873 828 769 
Total phosphate in manure, million Kg 
 
340 294 271 264 257 247 
 
Table 11. Total Nitrogen/Phosphate in Manure (million Kg) (Source: RIVM, 2001c). 
 
To what extent these gains can be attributable to the suppliers of feed altering its 
composition is unknown.  Farmers may have substituted, to a certain extent, purchased 
animal feed with home-grown feed, supplied by other farmers such as, potatoes, apples, 
grass silage and hay.  Furthermore, if the gains are a result of suppliers altering feed 
contents, whether this is a direct result of the levy-system of MINAS cannot be 
established.  The alteration of animal feed to reduce N and P levels due environmental 
considerations would be evidence of incremental innovation on the behalf of actors 
outside the immediate effect of the monetary incentive provided by the charge.  Economic 
instruments are expected to produce such responses from upstream organisations.  A 
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perhaps more plausible explanation would be the enforcement of new regulations 
pertaining to acceptable levels of nitrogen and phosphorous in feedstuffs, which would 
have stimulated such measures within the animal feed sector.   
 
 
7.16. Fertiliser Production 
 
According to the Association of Fertiliser Producers (VKP, 1998)45
 
“It is a major objective and a challenge of the Dutch fertilizer industry to 
assist farmers in using fertilizers in an economic and environmental friendly 
way and thus contributing to a sustainable agriculture.”  
 
The pronouncement of this objective is not surprising when considering the reduced 
demand for artificial fertilisers within the Netherlands, as illustrated in table 12 below. 
 
 
 84/85 94/95 98/99 99/00 00/01 
Total Nitrogen (1,000 tonnes nutrients) 505 395 360 343 300 
Total Phosphate (1,000 tonnes nutrients) 86 62 63 59 55 
Table 12. Fertiliser Consumption (1,000 Tonnes of Nutrients) in the Netherlands. (Source: 
VKP, 1998) 
 
The declining trend in the use of mineral fertilisers is expected to continue and the 
reasons attributed to this are new legislation, in the form of MINAS, and better nutrient 
and water management on farms such as, precision farming and more accurate 
assessments of crop N needs, broadly defined as increases in nutrient efficiency (VKP, 
1998).  This requirement for increased nutrient efficiency has resulted in fertiliser 
producers manufacturing controlled release fertilisers and providing more detailed 
instructions as to their appropriate use.  For Dutch agriculture, MINAS and the associated 
management techniques will impact on the level of fertiliser consumption far more than 
changes in CAP or crop price movements (VKP, 1998).  According to International 
Fertiliser Association statistics (EFMA)46, of all the energy used to produce wheat, 
approximately 50% is needed to produce, transport and apply nitrogen fertilisers.  Within 
this chain, most of the energy is required for the production of the fertilisers themselves.  
The Dutch fertilizer industry ranks amongst the most efficient producers in the world, 
which is particularly true for the energy efficiency of the plants, and throughout the years 
substantial investments have been made to reduce the energy input per unit output (VPK, 
1998).  With this in mind, it is interesting to note that in response to reduced demand, it is 
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suggested that the Dutch fertiliser industry should reduce cost per unit of production in 
order to maintain profitability (VKP, 1998).  It seems that farmers being forced to 
increase nutrient efficiency may indirectly result in Dutch fertiliser producers increasing 
their energy efficiency.   
 
 
7.17. General Discussion 
 
Kemp (1997:322) would perhaps have expected such a response from farmers in the case 
of MINAS as he concludes that taxes (charges) may be used for technological diffusion 
and incremental innovation in the case of,  
 
“Heterogeneous polluters that respond to price signals when there are many 
different technologies for achieving environmental benefits.”   
 
This would appear to be the case in the context of the Dutch agricultural sector, which 
comprises a diverse range of actors involved in arable, livestock farming and horticultural 
enterprises all of varying degrees of size, to whom there exists a variety of improved 
management practices and/or technologies that can be adopted to reduce mineral 
surpluses, as illustrated by table.   
In theory, the MINAS system appears to be a promising tool for contributing to a 
transition to a more sustainable agricultural sector through targeting individual farms and 
ensuring that mineral surpluses are reduced to within acceptable ecological constraints.  
The policy seems to be based not so much on the traditional neo-classical approaches in 
environmental economics but more on theories formulated by the ecological economics 
school, which recognises the reliance of the economy on its ecological basis.  Such 
reliance is characterised by the capacity of ecosystems to absorb waste and pollution, 
thereby translating into threshold levels, which once exceeded result in the breakdown of 
the life-supportive functions of eco-systems.  Such threshold levels, or carrying 
capacities, should then serve as ecological constraints on the economy thereby ensuring 
further development in specific sectors is sustainable.  MINAS has as its target the WHO 
limit of 50 mg of nitrate per litre of groundwater to ensure safe drinking water.  Once 
achieved this will ensure that Dutch agriculture will become environmentally sustainable 
regarding nutrient use.   
As a policy design it has the advantage, in line with economic theory, of internalising the 
negative externalities by attempting to correct the failure of the market to include the 
environmental cost of inefficient nutrient use by attaching a price to such actions.  Also, 
through focusing on individual farmers, MINAS highlights the negative environmental 
consequences of their actions and thus holds them accountable for their pollution, in line 
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with the polluter-pays-principle.  This would suggest that Dutch farmers are solely 
responsible for the pollution of groundwater from agricultural sources, however whilst 
their unsustainable use of nutrients has indeed directly led to environmental damage, 
indirectly it is the CAP with its supporting policies which has steered the agricultural 
sector onto its present unsustainable trajectory, with farmers simply responding to the 
drive for intensification.  MINAS was therefore established against the contradictory 
framework of CAP, providing incentives for intensification and the use of artificial 
fertiliser and thus, to be successful, it was necessary for MINAS to provide an even 
greater monetary incentive for farmers in order to change their behaviour with regards to 
nutrient use.  Therefore, the implementation of MINAS comes with the realisation of the 
environmentally damaging consequences of these policies and thus requires farmers to 
alter their management practices within a short timescale or face heavy fines.   
Despite the formulation of ancillary policy designed to “soften to some extent” the 
dramatic social impact of the new measures, the expectation is that several thousand 
farmers will be forced to sell up (MANMF, 2001).  This prediction is based on the fact 
that considerable effort and investment will be required on the behalf of farmers to meet 
the final levy-free surplus of 2003.  This doesn’t appear to be particularly just, especially 
when considering the role of CAP policies in promoting the present unsustainable 
agricultural model.  Apparently the Dutch government has decided, as a result of a cost-
benefit process, that the negative impacts on the environment and human health justify 
the radical social consequences of MINAS.  This then raises the question, which farmers 
will be forced to sell-up?  Those who appear to be most threatened are small family 
farms, especially those of an older generation, who are less capable to meet the double 
challenge of substantial investment and the necessity to learn new skills.  A process of 
consolidation can be expected with the larger agribusinesses being in the best position to 
respond to the regulatory burden.  The disappearance of family farms will continue to 
corrode the traditional social fabric of the countryside, a process of change that is 
currently being witnessed in many countries in Europe.  This underlines the importance of 
policy planners being aware of the potential economic, environmental and social impacts 
of new instruments amongst which a balance should be sought.  There remains the ever-
present danger of planners being far-removed from the consequences of their actions and 
such detachment may result in policy designs, which do not reflect a careful consideration 
of possible negative effects.         
 
Is there any evidence of the process of ecological modernisation taking place amongst 
Dutch farmers?  The theory would suggest that society as a whole is undergoing a 
learning process in the face of the ecological crisis, which leads to people paying greater 
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attention to the environmental consequences of their decisions with the result being that 
they may change their behaviour in environmentally beneficial ways.  The following 
statement gives an indication of such a process, 
 
“We concluded that if farming was to continue in Holland then we had to do 
something about the environment. Our members are adapting to the 
environment-related constraints imposed. Otherwise we would lose public 
support” (Roelof Bos, the Friesland Farmers’ Union, 1998). 
 
This points more to the occurrence of ecological modernisation amongst the public within 
the Netherlands, which has resulted in farmers responding to the pressure to improve their 
management in light of their perceived responsibility, amongst the public, as stewards of 
the countryside and out of a regulatory necessity.  
 
It was the intention of this study to explore the role of MINAS at the micro-level.  
According to Ondersteijn (2002), out of 194 farms that participated in the project Farm 
Data in Practice, 16 had already managed to achieve the 2003 standard.  Interviews with 
two of these farmers were planned for two reasons.  Firstly, it was considered that they 
would provide evidence of the dynamic effects of MINAS if their actions for 
continuously implementing management practices to reduce nutrient surpluses could be 
linked to the instrument. 
It would appear that the levies imposed through MINAS might, to some degree, have 
performed an educating role, by prioritising a search for management methods aimed at 
increasing nutrient use efficiency amongst farmers.  According to Ondersteijn (2002:38), 
farmers participating in a project called Farm Data in Practice (FDP) stated that MINAS 
provided, “Enormous and often surprising insights into their management.”  This 
statement points to the possibility that MINAS may well have been responsible for 
triggering the continuous reductions achieved by certain farmers and thus will have 
produced dynamic effects.  This then raises the question, what motivations has MINAS 
triggered, which was the second rationale for the interviews. 
The actions of the farmers who reduced nutrient surpluses below the 2003 level provide a 
basis for a line of enquiry.  Why would a farmer continue to reduce mineral surpluses 
beyond the levy-free surplus when there is no economic incentive, at least not provided 
by MINAS, to do so?  Indeed the possibility exists that there is a financial disincentive, as 
producing below the standards may involve additional costs both in terms of money and 
time.  Therefore, at first glance it may seem that farmers have been motivated by 
considerations other than those of an economic nature.   
Through the interviews it was hoped to establish the role of MINAS in triggering new 
motivations and search processes, with the possibility of the instrument acting as a 
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signpost and raising awareness amongst the farmers of the negative environmental 
consequences of their actions.  This may stimulate farmers to attach a greater importance 
to the environment, leading to an increasing ecological rationality amongst farmers and a 
possible change in self-perception from simply being a producer of food to increasingly 
incorporate the role of ‘steward’ of the countryside.  Such a process would correspond to 
one of the core aims of ecomodernist policy: to internalise environmental responsibility 
throughout society.  Such cognitive changes regarding the importance of ecological 
considerations in the actions of the farmers will play an important role in leading to a 
more sustainable agriculture, as on the micro-level, individual farmers will be more likely 
to alter their farming management in ways that reduce pollution to reflect the greater 
importance they now attach to environmental considerations.  Such changes may then go 
beyond, for example, meeting the mineral surplus targets for 2003.  Whilst it remains very 
unlikely that farmers would decide to implement management practices, solely due to 
their perceived beneficial environmental results, regardless of the economic effects, the 
increased attention to the environmental dimension of decisions on an individual basis 
can produce large environmental gains collectively, across the sector.  The potential of the 
policy to aid a transition to a more sustainable agriculture then takes on a greater 
significance.  
Of course, the possibility exists that their motives were predominantly economic, which 
would seem more likely, and that the farmers underwent a learning process when faced 
with the dramatic change in their economic environment provided by MINAS, which 
resulted in them continuing to increase their nutrient use efficiency, leading to further cost 
reductions.  However, this was also considered an interesting possibility, as it would 
provide evidence of a win-win situation, with both environmental and economic gains 
resulting from the dynamic effects of the instrument.  As previously discussed, it was 
unfortunately not possible to arrange any interviews with farmers in the Netherlands and 
therefore the questions raised here will have to be the subject of an additional study. 
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 8. Conclusion 
 
 
 
Economic instruments rely on targeted groups being responsive to price signals as the 
mechanism that determines their eventual effectiveness.  Those instruments that are 
implemented with the intention of spurring technical, technological and innovatory 
responses within target groups in order to achieve specific environmental goals are thus 
dependent on an appropriate design.  This necessitates a consideration of the various 
interests that can bring their influence to bear on the design of the instrument during the 
policy-making process, which in turn can lead to a sub-optimal design and a resultant 
failure to achieve environmental objectives.  Furthermore, a full consideration of the 
various factors that can influence a target group’s decision to implement technical, 
technological and innovatory changes as the desired response to the instrument is 
required.  The necessity to consider these additional spheres of influence on behaviour is 
in acknowledgement of the inadequacy of the model provided by economic theory, which 
is based solely on economic rationality.  The following conclusion of both policies 
includes these considerations in order to assess their final design and effectiveness in 
spurring technical, technological changes and innovation within the target groups.  In 
addition, as the goal of environmental policy should ultimately be to improve the state of 
the environment, their contribution is assessed against sustainability criteria.  
  
The appropriate design of the policies was a major contributor to their success.  In both 
cases, the potential pitfalls that can materialise during the design stage were largely 
avoided, thus leading to more effective policies and the achievement of their 
environmental objectives. This highlights the importance of the presence of the necessary 
political will to implement an effective policy and to withstand the pressures of lobbying 
during the policy making process, which can lead to a sub optimal design. In the studied 
cases, the gravity of the individual issues within the countries, and the parallel financial 
costs required to treat the symptoms, must have provided the state with a strong case for 
implementing the measures.  Indeed a weighing-up process always occurs within 
governments when deciding between interests of economic activities and interests of 
environmental quality.  The contributions made by specific polluting activities to the 
economy are compared to the risks to human health and nature and a political balance is 
struck.  This finally determines whether there will be sufficient support for the application 
of stringent policy measures.  The experience of both countries in the field of 
environmental policy is likely to have been a further contributing factor to the successful 
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design of the instruments.  What stimulates these countries to do more than others with 
regards to the environment remains an interesting question. 
 
Economists base their theoretical explanation of how economic instruments work on 
certain assumptions.  They claim that imposing a tax on a specific polluting activity will 
by definition result in targeted actors taking measures to reduce their pollution and hence 
their tax burden.  Therefore, it becomes apparent that the assumption underpinning the 
economic theory of why such taxes should succeed is based on target actors behaving 
solely with economic rationality, implying that they will always be responsive to price 
signals.  This model of behaviour is then applied to all actors, be they individual farmers 
or large companies.  Economists, taking the simple deductive process to its logical 
conclusion, then propose that in order for taxes to perform as spurs for the 
implementation of environmentally benign management practices, technologies and 
innovation, all that is required is the setting of a sufficiently high charge level.  
 
However, the case studies emphasise the importance of taking into account the 
complexity of the incentive structure that drives firms to improve environmental 
performance. Ideally, the economic instrument should be applied to a situation where the 
actors are able to respond with economic rationality and are not constrained by 
institutional (such as a lack of skills and trained staff) and informational factors (such as 
lack of knowledge on possible abatement measures). If there is a lack of knowledge, 
efforts by the regulator to provide information in order to facilitate the establishment of 
better controls, procedures and processes, are essential to avoid a filtering out of the price 
incentive. In the case of the NOx charge, the presence of various proven pollution-
reduction technologies, a supporting supplier industry, and the industrial set-up with 
technical staff in all companies, facilitated the choice and implementation of these 
technologies and optimisation of existing equipment. Further information regarding the 
taxing procedure and available measuring equipment was provided by the regulator.  In 
the MINAS case, demonstration projects and experimental farms diffused knowledge on 
available techniques.  This is a crucial supporting policy, which teaches farmers various 
management practices that are effective in reducing mineral surpluses. These schemes, 
which promote agricultural best practice, maximise the number of farm businesses that 
are capable of effectively responding to the instrument.   
Once barriers constraining the ability of actors to respond to price signals have been 
addressed, then a sufficiently high charge rate is indeed a crucial factor in ensuring 
effectiveness. In the NOx case study, the charge was set four times higher than the 
average cost of pollution abatement measures, whereas in the MINAS case study the levy 
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threatened the viability of farms.  This then illustrates the high financial incentive 
provided by both instruments, which has been a key factor in their success.   
According to economic theory, this monetary incentive should then translate into targeted 
actors implementing measures to reduce their exposure to the tax in a cost-effective 
manner, termed the static efficiency response. In the short term, this entails pollution 
abatement at minimum cost, but can also have dynamic effects in the longer term by 
providing an incentive for continuous improvements until a point is reached where the 
cost involved in further pollution abatement is greater than the money saved through the 
reduction in the tax burden.  
Certainly, in the MINAS case, farmers have had to respond in order to reduce surpluses to 
the levy-free surplus of 2003 or face crippling fines.  However, once this standard is 
reached there is no further financial incentive, at least none supplied by the charge, to 
continue to reduce surpluses.  This then emphasises the importance of the final target 
reflecting a sustainable environmental level for mineral surpluses. In contrast, the 
companies targeted by the NOx charge have acted on the basis of maximising profits 
rather than doing so to remain in business. They appear to have invested sufficiently to 
minimise their emissions, and hence the charge burden, as far as is economically 
appropriate. Although this may not correspond to the best possible environmental result, 
it takes into account the limited response that can be made with existing installations and 
equipment turnover rates. 
The environmental effectiveness of the charges is notable: an estimated overall reduction 
of 40% in total NOx emissions from the targeted sector since 1990, and with regards to 
MINAS, there was a substantial drop in nitrogen emissions for the first time in twenty 
years following the introduction of the policy.  Both instruments demonstrate the theory 
of environmental economics working in practice, by prompting a change from treating the 
symptoms of the pollution through publicly funded investment in such measures as liming 
and water treatment plants, which are very expensive, to switching to prevention of the 
pollution by internalising the external cost and making the polluter pay. The cases 
emphasise the potential usefulness of the charges and standards approach, as it combines 
environmental effectiveness, supplied by the standard, and efficiency through the use of 
the market to reach and possibly improve upon the standard. With regards to moving 
closer towards environmental sustainability within the industrialised countries, the cases 
emphasis the contribution that a scientifically calculated set of threshold levels based on 
the carrying capacities of eco-systems would have in this respect.  These could then be 
used as the standards for pollution reduction and would act as “ecological crash barriers” 
(Sachs, 1998:18) to guide development, now within ecological limits.  This process would 
help operationalise sustainability and provide tangible targets to work towards. 
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The standards defined for NOx emissions in the individual licensing permits set the limits 
for compliance, but are based on technological capabilities rather than ecological limits. 
The charge is used as an economic incentive to reduce emissions to and below this 
defined level. The complexity of the effects of NOx emissions, its myriad sources and 
transboundary nature makes it difficult to convert the ecological carrying capacity, 
typified by critical loads, to an ecological threshold for emissions from a specific sector. 
The inclusion of such an emission standard as a policy requirement is also fraught with 
constraints, such as limitations of best available technology and turnover rates of existing 
installations, hence the advantage of using a charge to achieve an overall percentage 
reduction in emissions. However, the necessity of taking the ecological limits into 
consideration in order to develop an environmentally effective policy is clear in view of 
the significant reductions from all sectors that are now considered necessary if Sweden is 
to meet its National Emission Ceiling of 148 kilo-tonnes.    
In contrast, MINAS has a clear environmental target, that being the WHO safety level of 
50mg nitrates per litre of groundwater, which according to studies (Oenema et al in 
Ondersteijn, 2002) will be achieved if farmers in the Netherlands reach the levy-free 
surplus of 2003, with the prospect of making nutrient use within agriculture sustainable. 
This is due to the fact that the leaching of agricultural nutrients is directly correlated to 
levels of nitrates in groundwater, agriculture contributing 70% of the total nitrate 
pollution to groundwater.  If this is the case then it is fortunate that the environmental 
target, which represents a supposed sustainable level, is within relatively easy reach and 
can be achieved through increases in nutrient use efficiency through the use of improved 
techniques and existing technologies. 
 
The environmental objectives of the economic instruments have largely been achieved by 
static efficiencies, as has been documented, substantiating the theory that economic 
instruments can indeed stimulate technical change and the diffusion of existing 
technologies. In the NOx case, various existing NOx-reduction technologies and measures 
were implemented, the choice of which varied between different companies with diverse 
costs and economic considerations.  In the MINAS case, a hierarchy of measures 
implemented in response to MINAS, was observed.  Generally speaking, farmers will first 
introduce operational management changes, as they represent the lowest cost/risk options, 
involving more accurate nutrient management.  This is followed by tactical changes, 
which rely on a reduction in dependency of inputs and finally, farmers will consider 
strategic measures, if they are still unable to reduce their surpluses sufficiently.     
The question that can then be asked is whether the instruments can indeed have dynamic 
effects, manifested by continued improvement over time, and a continuous reduction of 
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the firm’s environmental impact. The theoretical advantage of economic instruments over 
command-and-control approaches is that individual firms can choose how and when to 
respond to the charge, in so far as is economically viable, which results in the sector as a 
whole achieving the target.  Furthermore, if the charge can influence future decision-
making towards investments in technology with higher standards, or can play a part in 
stimulating learning of gains to be made through increasing efficiency, the potential for 
environmental improvement is greatly enhanced.  
The potential of MINAS to generate continuous measures to reduce surpluses appears 
limited in one sense, due to the lack of financial incentive provided by the instrument 
once the levy-free surplus is reached.  However, the possibility exists that MINAS may 
offer a win-win situation to those able to rise to the challenge, in so far as increases in 
efficiency may result in a decrease in cost, and thus both economic and environmental 
gains can be realised. This then presents the possibility that farmers may continue to 
implement changes, which reduce their nutrient surpluses beyond the final levy-free 
surplus, something that may have been triggered by the instrument.  However, MINAS is 
part of a policy mix, representing a set of supporting regulations all with the aim of 
reducing nutrient surpluses, and in particular the information dissemination pyramid can 
be identified as being a possible important influence on the decisions of certain farmers to 
continuously implement nutrient surplus reduction measures.  Therefore, many questions 
have been raised through this study, providing plenty of scope for further research.  Such 
research might focus on establishing the role of MINAS in spurring these best performers, 
and what were the motivations behind such measures; were they purely financial or 
otherwise?  If a link can be established between MINAS and the decisions of certain 
farmers to continuously implement management practices then the instrument will have 
produced deeper dynamic effects. 
The results of a number of ‘best-performers’ in the NOx case also indicated continued 
efforts to abate pollution.  However, various other factors have contributed to these 
responses, such as energy-efficiency and environmental management strategies, 
stemming from complimentary policies such as the CO2 taxes and corporate strategies. 
The effect of the charge in the more recent developments is inextricable from these co-
dependent variables, which also influenced the companies to continually implement cost-
effective pollution-abatement measures. Nevertheless, it was noted that the higher 
standard that resulted from measures taken in response to the charge was thereafter 
maintained, or even improved. Thus, it can be said that the strength of the charge lies in 
the initial role it played in focusing attention on the issue and encouraging investment in 
pollution abatement, thus upgrading the companies’ environmental performance in this 
regard. 
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Apart from their potential for spurring technical and technological changes within target 
groups, economic instruments are also said to provide incentives for further improvement 
through innovation, within the target group as well as supporting industries. A general 
model for the various stages of improvement in response to price changes is provided by 
Von Weizsäcker and Jesinghaus (1992).  Such responses expected from target groups and 
related industries in relation to a sufficiently high price signal provided by a tax has been 
loosely divided into five levels.  The first and second levels pertain to the static and 
dynamic effects of the charge within target groups, which entails a cost-effective 
reduction of pollution with existing equipment, followed by investment in existing 
technologies. The knock-on effects of this demand for improved environmental 
performance can spur dynamic efficiencies, leading to the third stage of adaptation in the 
form of the development of improved technologies (incremental innovation) by the target 
group and its suppliers, a process that can take a number of years. The fourth and fifth 
stage of adaptation involves the research and development of alternative technologies 
(radical innovation), and changes in lifestyle and behaviour.  This fifth stage, in 
accordance with ecological modernisation theory, involves society undergoing a learning 
process in the face of the ecological crisis, which manifests itself in individuals being 
increasingly aware of the negative environmental impacts of their actions, which they 
then adapt in environmentally benign ways. Levels four and five are widely regarded to 
be necessary to facilitate a transition to a more sustainable society. The final stages in this 
adjustment are said to take decades to materialise, if at all.  Indeed there is little empirical 
evidence of the theoretical potential of economic instruments to spur such deeper 
changes.   
When this framework is applied to the two case studies in order to evaluate the degree of 
change that has occurred, the first level of adaptation has been observed, with the charge 
playing a major role due to its strength in both cases.  The second stage has been noted in 
the NOx charge case study, with regards to specific individual companies.  However, this 
cannot be solely attributed to the incentive provided by the charge, since many other 
factors influence the companies’ decisions, such as the benefits of increased efficiency 
and reduced resource use, enhancing their ‘green image’, and various economic 
considerations on many levels.  The development of improved NOx reduction technology 
and measuring equipment is also underway, but the stronger influence of international 
attention and agreements on the issue of NOx emissions makes any assessment of this 
particular instrument’s contribution difficult to disentangle, even in the case of domestic 
suppliers. However, the charge does appear to have provided a market for innovative 
technologies and the opportunity to demonstrate their effectiveness on the field.  In 
MINAS, static effects have been documented with farmers implementing cost-effective 
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measures in the form of a range of management techniques, which can reduce mineral 
surpluses.  Furthermore, the possibility exists of dynamic effects resulting from the 
instrument, as 8% of farmers within the project Farm Data in Practice had reduced their 
nutrient surpluses below the levy-free surplus.  Further research would establish whether 
such measures were pursued due to the implementation of MINAS.  In addition, there is 
the possibility that dynamic efficiencies may have occurred as a result of MINAS, with 
the animal feed sector and the fertiliser industry both adapting products.  However, these 
actions cannot be solely attributed to the instrument without further study.  Additional 
research might focus on whether these supporting industries have adapted their products 
due to the changed requirements of the farmers or whether such measures were 
introduced in line with regulatory stipulations.  It would be expected that the increased 
need for nutrient efficiency would become an important criterion for farmers when 
purchasing feed and artificial fertilisers and that the suppliers would respond by 
producing improved products, which incorporate the new demand for increased nutrient 
efficiency.  Such effects would be classified as incremental innovation.  Furthermore, the 
definition of dynamic efficiencies would also include the exit of farm businesses, unable 
to adapt to the changing regulatory environment, as has been predicted to occur as a result 
of MINAS.  This is considered to contribute to the overall environmental performance of 
the sector, as the process entails the exit of inefficient farms.  However, whether this can 
be considered an advantage of the system is debatable.   
For both cases, not only is it far too early to observe the fourth and fifth stages of 
adaptation, but also whether they will actually occur because of the two instruments 
remains doubtful.  The incentives they provide are not specifically targeted at producing 
these types of response from the target actors.  The incentive provided by the charges 
only necessitates changes in technique and technology, which then may also result in 
incremental innovation from suppliers and developers.  Therefore, the influence of these 
tools can only be expected to extend so far, and then when used in combination with other 
mutually supportive policies. 
Through designing instruments to the individual contextual circumstances to which they 
will be applied, by considering the potential pitfalls of the policy-making process and the 
barriers to technical and technological change within target groups, the instrument can 
indeed prioritise the issue for target groups, through the imposition of a high charge.  This 
then can result in an enduring eco-upgrading of the particular sector to which the 
instrument is applied, achieved in the main through increased efficiency and the diffusion 
of higher standards that then become normalised and institutionalised within companies.     
As has been discussed, both policies have been successful in fulfilling their environmental 
objectives, leading to an increase in eco-efficiency and a definite environmental 
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upgrading of both sectors. Such results can be the basis for a transition to a sustainable 
society, by limiting the environmental damage of current systems, and forcing a learning 
process on polluters about their environmental impacts.  However, with regards to long-
term sustainability, more is needed than the formulation of individual policies with short-
term environmental goals.  Sustainability requires integrated policies with wider scope, 
which addresses the issue on all fronts, rather than a single contributing factor.  Ideally, 
what is required of the agricultural sector is a transformation to a less intensive model that 
uses not only less artificial fertilisers, but also fewer pesticides, and is not geared simply 
to increasing production.  This will require the reform of the Common Agricultural Policy 
and its subsidies that encourage further intensification.  With regards to the energy sector, 
long-term sustainability involves a transformation to a more energy-efficient society, on 
both the consumer and producer level, and the use of alternative clean energy sources, 
which minimise environmental impacts.  Future environmental policy should be aimed at 
facilitating innovation amongst targeted industries, in order to shift sectors onto more 
sustainable development trajectories. 
The role of the state within environmental policy should not be limited merely to 
designing and implementing effective measures to diffuse cleaner technologies, but 
should involve guiding and supporting the path of development and innovation.  This is in 
recognition of the failure of the market to allocate resources in the best interests of 
society.  There is no guarantee that companies will select the appropriate development 
trajectory, indeed as Ayres asserts, “unfettered markets have not, and will not, create 
technology to solve environmental problems except by accident” (1998:148). 
The early announcement of future environmental policy and goals, formulated with the 
participation of all stakeholders is necessary (Jänicke, 2001).  These stakeholders are 
mutually interdependent, in that no single participant is in a position to impose their 
particular interests on the proceedings, thus greatly reducing the likelihood for state 
failure and a sub-optimal design of policy.  The future policy and goals should then be 
revealed well in advance of the implementation of actual regulatory measures, which can 
serve to add security by guaranteeing a future market and thereby easing company 
decisions to invest in research and development into particular technologies, which may 
have been inhibited due to uncertainty.  Furthermore, the support and promotion of 
fledgling technologies is essential in assisting their development and eventual diffusion in 
the face of the well-established polluting technologies with which they are to compete on 
the market. In this context, governmental support of alternative energy demonstration 
projects and announcing plans for a future increase in the sector’s market share can lay 
the foundations for facilitating an eventual transition to a more sustainable energy future.   
Dynamic Effects                                                                                          Christina Mallia and Stuart Wright 
 120
These requirements seem to suggest that the state has an important role to play in 
formulating policies aimed at steering industrial sectors as part of a strategy of ecological 
modernisation, but also the emphasis is on the market to provide a balanced approach.  In 
this context, economic instruments have a definite value as tools for the diffusion of new 
environmentally beneficial techniques and technologies. 
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Endnotes 
                                                 
1 The authors refer to static and dynamic efficiency as static and dynamic elasticity 
2 Jon Kahn, Ministry of Environment, Sweden 
3 Values in mg/m2 are equivalent to same values as kg/km2  
4 SEPA – Pollutants – Acidification & Liming http://www.internat.naturvardsverket.se/
5 United Nations Economic Commission For Europe  
6 UNECE http://www.unece.org/env/lrtap/lrtap_h1.htm
7 http://www.doc.mmu.ac.uk/aric/eae/Acid_Rain/Older/International_Agreements.htmlI
8 pre-1987 plants 
9 Regional Air Pollution Information and Simulation; a computerised model developed by the International 
Institute for Applied Systems Analysis (IIASA), that integrates data on critical loads, transport and 
stationary emissions, and reduction costs. 
10 UNECE http://www.unece.org/env/lrtap/protocol/99multi_a2.htm
11 defined as  “any combustion plant for which the original construction licence or, in the absence of such a 
procedure, the original operating licence, was granted on or after 1 July 1987” (Directive 2000/80/EC:3) 
12 Principle source for this section: SEPA, 2000 
13 EEB et al, 1998: 3 
14 Liability is now dependent on actual production, not installed capacity. 
15 ≈ € 4.8  
16 600 mg/MJ for gas turbines and 250 mg/MJ for other cases 
17Accredited by the Swedish Board for Technical Accreditation (SWEDAC) 
18 Höglund, 1999, Essay I: 2 
19 Data Source: Resultat 2001, SEPA 
20 Opsis AB  http://www.opsis.se/company/background.asp  
21 Siemens Laser Analytics AB http://www.siemens.se/sla/pro_appl/Combustion.html
22 Mobotec AB http://www.mobotec.se  
23 National Energy Technology Laboratory 
http://www.netl.doe.gov/publications/proceedings/00/scr00/00scr.html#Innovative
24 Contributions from fuel sold in Sweden for international aviation and shipping are not included.  
25SEPA 
http://www.internat.naturvardsverket.se/index.php3?main=/documents/pollutants/kalka/forsur/sntrende.html  
26 Data from EMAP http://projects.dnmi.no/~emep/emis_tables/tab2.html
27 http://www.doc.mmu.ac.uk/aric/eae/Acid_Rain/Older/International_Agreements.htmlI
28 Since measurement of emissions only became mandatory with the implementation of the charge, the total 
emissions in 1990 are only an estimate, based on average specific emissions that year and energy output in 
1992 (SEPA, 2000). 
29 Specific emissions are referred to both in the context of fuel input or useful energy output, and can also 
be specified mg/Nm3 (with different conversion factors from mg/MJ or MWh according to fuel type). 
30 Data prior to 1997 and for 2002 were obtained from staff at SEPA; the 2002 data is preliminary data - it 
will be officially approved after a governmental decision in the summer 
31 Swedish emissions in 1980 = 404 ktonnes; in 1990 = 338 ktonnes. Data from EMEP 
http://projects.dnmi.no/~emep/emis_tables/tab2.html
32 Secondary effects here means the increased emissions of other pollutants and green house gases (such as 
NO, VOCs, N2O, NH3 and dust) as a result of implemented measures 
33 The data for 2000 is not available: the useful energy production was probably less  that year than that 
required for charging 
34 energy recovery from flue gases, reducing the need for vapour production (and hence the production of 
NOx emissions) from the fired heaters 
35 Personal communication, May 2003 
36 Energy fact sheet, http://www.scanraff.se  
37 Plants were over 100MW capacity (Hjalmarsson, 1996) 
38 Miljö Rapport MälarEnergi AB March 2002    
http://www.malarenergi.se/doc/mr_kvv_vermepumparna_01.doc
39 http://www.malarenergi.se/skolor/studiebesok/kvv_biopannan.aspx
40 36,235 kg NOx on 1,139,961 MWh (Data Source: SEPA) 
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41 Emissions data of Västerås 1 in 1992 is used for comparison: overall emissions data was not available. 
Specific emissions of Västerås 1-2, 3, and 4 are given as 35, 45, and 26 mg NO2/MJ fuel respectively in 1995 
(Hjalmarson, 1996)   
42 The Nitrates Directive stipulates 170 kg N/ha.  The Netherlands has requested derogation and a higher input standard 
of 250 kg N/ha. This is based on the fact that grass has a longer growing season in the Netherlands and therefore the 
uptake of nitrogen is greater.  
43 This process can be observed in the MINAS case with the increase in the levies that were implemented in 1999. 
44 MINAS provides an incentive for farmers to use manure so that nutrient efficiency is optimal.  This makes it more 
desirable for farmers to correctly apply the other policies, thus illustrating the mutually supportive nature of 
the system.   
45 VPK http://www.kunstmest.com/ENG/index.html
46 EFMA http://www.kunstmest.com/ENG/index.html
